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SUMMARY
NUCLEAR MAGNETIC RES CHANCE ( 1H AND 13C N lf l)
1H NMt
The NMR s p e c tra  o f t e t r a c y c l in e s  has been s tu d ie d .  The p ro to n s  
were d iv id e d  in  d i f f e r e n t  groups and assigned w ith  h e lp  from  model 
data. Most o f the  assignm ents w ere c a r r ie d  ou t us ing  60 and 100 MHz 
spectra , a lthough  re fe re n c e  was o fte n  made to  h igh  re s o lu t io n  s p e c tra  
(220 and 400 MHz).
High re s o lu t io n  sp e c tra  (above 200 MHz) were employed to  study the 
s te re o c h e m is t ry  o f t e t r a c y c l in e s  i n  s o lu t io n .  A c o n fo rm a t io n  was 
p roposed  a f t e r  s tu d y in g  th e  c o u p lin g  c o n s ta n ts  and th e  d ih e d r a l 
ang les, i n  w h ich the  r in g s  B-D w ere in  one mean p lane w ith  the  r in g  A 
"b e n tB a t  r i g h t  a n g le s  t o  th e  r e s t  o f  th e  m o le c u le . Most o f  th e  
compounds shared  the  same c o n fo rm a t io n  a lth o u g h  th e re  may be 
excep tions  e.&  4 -e p i CTC HCL and OTC base.
13c- nmr
The ^3C-NMR a s s ig n m e n ts  o f  t e t r a c y c l in e s  have been c o n f irm e d  by. 
r e la x a t io n  tim es (T<j) w h ich  a re  in flu e n c e d  by the number o f p ro tons  
i n  t h e  im m e d ia t e  v i c i n i t y  o f  t h e  c a r b o n  i n  q u e s t i o n .  
E xperim ents were c a r r ie d  o u t, us in g  d i f f e r e n t  i r r a d a t io n  modes, to  
d e te r m in e  w h e th e r  th e  m a in  m e ch a n ism  o f  r e l a x a t i o n  o f  th e  
te t r a c y c l in e s  i s  v ia  d ip d e - d ip c ie  in te r a c t io n  The r e la x a t io n  tim e s  
(T^) o f  TC, OTC and d o x y c y c l in e  w e re  m easured u s in g  th e  in v e r s io n  
recovery  method.
1 3' JC-NMR a s s ig n m e n ts  w e re  c a r r ie d  o u t u s in g  s p e c tra  ru n  a t  22,5 and 
67.8 MHz. A ss ig n m e n ts  w ere  c o n f irm e d  w i th  ^C N M R  da ta  on v a r io u s  
models and re s p e c tiv e  va lues. S e m i-s y n th e tic  te t r a c y c l in e s  e.g, 
ly m e c y d in e  and r o l i t e t r a c y d in e  w e re  a ls o  d is c u s s e d . C h a p te r 4 i s  
devoted to  the  d is c u s s io n  o f NMR fe a tu re s  o f  the  deg rada tion  p roduc ts  
o f t e t r a c y c l in e s  (^H and NMR). A s e c t io n  was a ls o  in c lu d e d  on 
th e  q u a n t i t a t i v e  i n v e s t i g a t i o n  o f  t e t r a c y c l in e s  by -'C NMR. 
Progesterone was chosen as the  re fe re n ce  c cm pound. R d a x a t io n  agents 
which are  d a im e d  to  reduce th e  r d a x a t io n  t im e s  o f  carbons w ere a lso  
used but no c o n s is te n t r e s u l t s  were ob ta ined .
HIGH PERFORMANCE LIQUID CHROMATOGRAPH!
1) An a n a ly t ic a l method was devdoped u s in g  PRP-1 packing m a te r ia l,  
th e  m o b ile  phase c o n s is t in g  o f  te t r a h y d ro fu ra n  (THF), a c e to n i t r i le  
(ACN), p ro p a n -2 -d  and b u ffe r .
I n i t i a l l  one o r g a n ic  s o lv e n t  w as u se d  a t  a t im e  i n  v a r y in g  
p ro p o rtio n s , and the percentage com p o s itio n  w h ich  re s u lte d  in  kappa 
v a lu e s  b e tw e e n  1 -1 0  was s e le c te d .  These t h r e e  p e rc e n ta g e  
c o m p o s i t io n s  w e re  b le n d e d  i n  v a r io u s  p r o p o r t io n s  a n d  th e  
c h ro m a to g ra p h ic  r e s u l t s  s tu d ie d  w i t h  re s p e c t  to  r e s o lu t io n ,  peak 
sym m etry , w id th  a t  h a l f  h e ig h t  and t o t a l  t im e  ta k e n  t o  a n a ly s e  a 
m ix tu re  o f t e t r a c y c l in e s .  The in f lu e n c e  o f  pH on th e  r e s o lu t io n  o f  
th e  m ix tu re  was s tu d ie d  u s in g  sys tem  5 and the  b a s ic  p a ra m e te rs  
re s p o n s ib le  f o r  the  d u t io n  o rd e r o f te t r a c y d in e s  a re  d iscussed.
2) The re te n t io n  mechanisms in v o lv e d  between te t r a c y c l in e s  and PRP-1 
m a te r ia l were in v e s t ig a te d  a t  pH 7.3. A t t h is  pH, the te t r a c y c l in e  
m olecu le  e x is ts  p redo m inan tly  as a net an ion , so th a t  the  employment 
o f a c a t io n ic  p a ir in g - io n  should in f lu e n c e  the degree o f r e te n t io n  
R e te n t io n  was fo u n d  t o  be a f fe c te d  by th e  number o f ca rb o n s  i n  th e  
n o n -p o la r m o ie ty  o f the p a ir in g - io n  i.e . a dodecyl t r im e th y l ammonium 
s a l t  produced lo n g e r r e te n t io n  th a n  a trim ethylam m onium  s a lt .
The p resence  o f c o u n te r - io n s  e.g. C l" ,  B r "  and F " e tc .  a ls o  a f fe c te d  
th e  r e t e n t io n  to  a s ig n i f i c a n t  degree . The r e t e n t io n  v a lu e s  w e re  
a n a ly s e d  s t a t i s t i c a l l y .  The c o n c e p t  o f  a d s o r p t io n  w a s  a ls o  
in v e s tig a te d .
3) D egradation  o f te t ra c y c l in e  and o x y te tra c y c lin e  were in v e s tig a te d . 
S o lu t io n s  o f known c o n c e n tra tio n  were prepared a t  v a r io u s  pH va lu e s  
ra n g in g  from  1-11. The samples w ere in je c te d  on to  th e  column a t  day 
0 and a t  r e g u la r  i n t e r v a l s  t h e r e a f te r .  Peak h e ig h t  and peak a re a s  
w e re  d e te r m in e d .  R a te  c o n s ta n ts  and  h a l f  l i f e  p e r io d s  w e re  
c a lc u la te d . S ince TC and 4 -e p i TC e lu te d  s im u lta n e o u s ly , the s tre n g th  
o f  th e  m o b ile  phase had to  be re d u ce d  t o  25% o rg a n ic  m o d i f ie r  to  
a c h ie v e  r e s o lu t io n .  The r a te  o f  f o r m a t io n  o f  4 - e p i TC was th e n  
c a lc u la te d .  D e g ra d a tio n  o f  TC under v a r io u s  p h y s ic a l c o n d it io n s  o f  
l i g h t ,  tem pera tu re  e tc  was a ls o  in v e s tig a te d .
4) a : S e m i-p re p a ra tive  HFLC
A PRP-S 25 cm co lum n  was used w i t h  th e  optim um  m o b ile  phase to  
s e p a ra te  one o f the  d e g ra d a t io n  p ro d u c ts  o f oxy t e t r a c y c l in e .
b: Comparison o f PRP-1 and PLRP-S columns
The PRP-1 and PLRP-S packing m a te r ia ls  a re  ve ry  s im i la r  in  p h ys ica l 
c h a ra c te r is t ic s ,  except th e  average p a r t ic le  s iz e  o f FLRP-S is  le s s  
than 10um. Th is  w ou ld  in c re a se  the t o ta l  s u rfa ce  area o f the FLRP-S 
m a te r ia l and i t  was hoped th a t  a re s o lu t io n  m ig h t be ach ieved between 
TC and OTC which n o rm a lly  e lu te d  s im u ltan eous ly . R e s o lu tio n  w ith  the 
PLRP-S co lum n was m a r g in a l ly  b e t te r  (OTC and TC w e re  40$ re s o lv e d )  
due to  im p ro v e d  co lum n  e f f i c ie n c y ,  w i th o u t  in c r e a s in g  th e  t im e  
re q u ire d  f o r  a n a ly s ia
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INTRODUCTION
The te t ra c y c l in e  a n t ib io t ic s  f i r s t  appeared i n  c l in i c a l  p ra c tic e  
i n  th e  l a t e  19*103. Because o f  t h e i r  w id e  sp e c tru m  o f  a c t i v i t y ,  
conve n ie nce  o f a d m in is t r a t io n  and r e l a t i v e  la c k  o f  dangerous s id e  
e f fe c ts ,  th e y  q u ic k ly  assumed a m a jo r  r o le  i n  chem otherapy . A t 
p re s e n t, s e v e ra l hundreds o f  d e r iv a t iv e s  have been r e p o r te d  i n  th e  
l i t e r a t u r e  and severa l s e m i- s y n th e t ic  a n a lo g s  a re  in  c l i n i c a l  use. 
A l l  o f  th e  m a jo r fe r m e n ta t io n  d e r iv e d  t e t r a c y c l in e s  have now been 
p re p a re d  by t o t a l  c h e m ic a l s y n t h e s is ,  a l th o u g h  n o t  y e t  i n  
e con om ica lly  v ia b le  y ie ld s .
Th is  th e s is  i s  concerned w ith  the  a n a ly t ic a l problem s a s s o c ia te d  w ith  
t h e i r  use i .e .  s p e c i f i c  i d e n t i f i c a t i o n  o f  th e  m a in  a n t i b i o t i c s  and 
d e te c t io n  o f  t h e i r  d e g ra d a t io n  p ro d u c ts ,  and th e  e v a lu a t io n  o f  
q u a n t i t a t i v e  m ethods w i t h  s p e c i f i c  re fe re n c e  to  n u c le a r  m a g n e tic  
resonance  (NMR) and h ig h  p re s s u re  l i q u i d  ch ro m a to g ra p h y  (HFLC) 
procedures. The p rec ise  s te re o ch e m is try  o f some o f the compounds is  
a lso  in v e s tig a te d . A b r ie f  in t ro d u c t io n  to  t h is  im p o rta n t group o f  
chem otherapeutic  agents  i s  now presented.
1.1 GENERAL BACKGROUND AND HISTORY
T e tra c y c lin e s  are  a group o f broad spectrum a n t ib io t ic s  w h ich  have 
been used f o r  over 30 years i n  th e  tre a tm e n t o f  both human and an im a l 
d iseases and a ls o  as fe e d  a d d it iv e s  to  promote the grow th  o f  l i v e
s to c k . Chi o r t e t r a c y  c l  in e  (1 , CTC, T rade name: A u re o m y c in ) was th e  
f i r s t  member o f th e  t e t r a c y c l in e  f a m i ly  to  be d is c o v e re d . The 
te tra c y c l in e  e ra  was in augu ra ted  by an announcement on 21st J u ly  1948 
by D.M. Dugger a t  a m eeting  o f the  New York Acadmey o f Sciences. CTC 
was d iscovered  th rough  a s o i l  sc reen ing  programme e s ta b lis h e d  a t  the 
L e d e rle  la b o r a to r ie a  The producing  c u ltu re  was named Streptom yces 
a u re o fa c ie s . CTC was c h a r a c te r is e d  by a b ro a d  a c t i v i t y  spec trum  
a g a in s t  p a th o g e n ic  m ic ro -o rg a n is m s , o r a l  a c t i v i t y  and r e la t i v e  
freedom from  to x ic i t y ,  so i t  r a p id ly  earned a m ajor p lace i n  c l in ic a l  
m edicine, A y e a r la te r ,  P f iz e r  la b o ra to r ie s  re p o rte d  the d iscovery  
o f oxy te t ra c y c l in e  (2, OTC, Trade name: Te rram yc in ) in  fe rm e n ta t io n  
l i q u o r s  o f  S tre p to m v c e s  r im o s u s  (Regna e t  a l  1951). D u r in g  the  
course  o f e x p e r im e n ts , d i r e c te d  a t  e lu c id a t io n  o f  th e  s t r u c tu r e  o f 
OTC and CTC, i t  was d iscovered  th a t  hyd rogena tion  o f CTC re s u lte d  i n  
h a lo g e n o ly s is  and t h a t  th e  p ro d u c t t e t r a c y c l in e  (3 , TC T rade  name: 
Achrom ycin) re ta in e d  the u s e fu l a c t i v i t y  spectrum  o f the  f i r s t  two 
members o f  the  fa m i ly  (Boothe e t. a l. 1953). I t  was a ls o  more s ta b le  
th a n  OTC and CTC. S ubsequent to  th e s e  r e p o r ts ,  TC w as fo u n d  to  be 
p re s e n t i n  fe r m e n ta t io n s  o f  bo th  S. a u re fa c ie n s  and S. r im o s u s , as 
w e ll  as s t ra in s  named Jk. v ir id o fa c ie n a .
In  1957f s tu d ie s  w i t h  m u ta n t s t r a in s  o f  S. a u re fa c ie n s  r e s u l t e d  i n  
th e  f o r m a t io n  o f  a new, h ig h ly  a c t iv e  a n t i b i o t i c  la c k in g  th e  6 -
m e th y ly  g roup  o f  CTC (T a b le . 1 )(M cC o rm ick  e t  a l .  1957). The new 
a n t ib io t ic ,  6 -dem ethy l ch i o r te tra c y  d in e  (6 -dem ethy l CTC, 4) was
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cons ide rab ly  more s ta b le  than  i t s  p redecessora  The h ig h e r and mare 
sus ta ined  b lood  le v e ls  o b ta in e d  w ith  th is  drug a llow ed  the a d m in is ­
t r a t io n  o f  s m a lle r  doses a t  le s s  fre q u e n t in te r v a ls  w h ile  th e  a n t i ­
m ic ro b ia l a c t i v i t y  rem ained the same. In  a d d it io n  to  to  i t s  c l i n i c a l  
use, 6 -dem ethy l CTC has been th e  raw m a te r ia l from  w h ich  many new and 
in te r e s t in g  d e r iv a t iv e s  have been made. A number o f o th e r te tra c y c ­
l i n e s  have been p roduced  by i s o la t i o n  fro m  m u ta n t s t r a in s  o f  S. 
au reo fao iens , Sw rim osus or by chem ica l m o d if ic a t io n  o f the e x is t in g  
a n t ib io t ic s .  Those o f com m ercia l in te re s t  a re  5 - hydroxy-6-m ethy lene 
TC ( m e th a c y c l in e  ( 5 ) ,  6 -d e o x y -O T C  ( d o x y c y c l i n e  ( 6 ) a n d  
p y r ro lid in o m e th y  TC ( r o l i t e t r a c y  c lin e ) .
In  1965, w ith  the d iscove ry  th a t  C-j -j a- h a lo g e n a t io n  -d e h a lo g e n a t io n  
c o n s t itu te d  a v a lu a b le  p ro te c t io n  scheme, m etbacyc line  was prepared 
by s e le c t iv e  d e h y d ra t io n  o f  a s u i t a b ly  p ro te c te d  a n a lo g  o f  OTC (7) 
fo llo w e d  by the  rem oval o f the  p ro te c t in g  group (see page 6 )•
conh2
OH o  OH o
(4) 6-dem ethyl CTC
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M e th a cyd in e  was in tro d u c e d  com m e rc ia lly  by P f iz e r  (Blackwood e t  a l 
1963). S h o rt ly  th e re a f te r ,  i n  1967» one o f the  hydrogenated p roducts  
o f m e th a cyd in e , 6-deoxy OTC (6, d o x y c y d in e ) was rd e a s e d  (Stephen 
e t  a l .  1963). B o th  d o x y c y d in e  and m e th a c y d in e  a re  m ore l i p i d  
s o lu b le  th a n  OTC. D o x y c y d in e  has th e  v i r t u e  o f r e q u i r in g  lo w e r  
doses on o r a l a d m in is t r a t io n  th a n  i t s  p re d e c e s s o rs , and i t s  s low  
e x c re t io n  a llo w s  i t ,  under some circum stances, to  be th e  f i r s t  "one a 
d ay" t e t r a c y c l in e .  The m o s t r e c e n t ly  in t r o d u c e d  member o f  th e  
t e t r a c y c l in e  f a m i ly  (1972) i s  7 -d im e thy lam ino -6 -dem ethy l-6 -deoxy  TC 
( M in o c y c l in e  > ,), a s u b s ta n c e  d e r iv e d  f ro m  th e  c h e m ic a l
t r a n s fo r m a t io n  o f  6 -d e m e th y l CTC. T h is  d ru g  has th e  b ro a d e s t 
spectrum  o f any te t r a c y d in e  now in  use s in ce  i t  i s  a c t iv e  a g a in s t a 
number o f s t ra in s  w h ich  are  r e s is ta n t  to  o th e r te t ra c y d in e s .
1.2 NOMENCLATURE, ABSOLUTE STEREOCHEMISTRY AND NUMBERING SYSTEM
A l l  o f  th e  t e t r a c y d in e s  a re  r e la t e d  by th e  common p e rh y d ro -  
naph thacene  fra m e w o rk . The s t r u c t u r a l  fo rm u la  (3 ), i s  t h a t  o f  
te t r a c y d in e  HQ and i s  c o r re c t i n  an ab so lu te  s te reochem ica l sense. 
The r in g s  a re  le t t e r e d  A th ro u g h  D fro m  r i g h t  t o  l e f t  and th e  
num bering s ta r t s  a t  the  bottom  o f r in g  A.
The chem ica l a b s tra c t  fo rm a l in d e x in g  names f o r  these a n t ib io t ic s  
a re  v e ry  com p lex and a re  r a r e ly  used. The o f f i c i a l  name f o r  
t e t r a c y d in e  i s : -
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(3) T e tra q y d in e  HCL
T e t r a c y c l in e  :2 -n a p h th a e e n e e a rb o x a m id e ,4 - (d im e th y la m in o ) -  
1 f 1* »^a »5 »5a,6 , 11,1 2 a -o c ta h y d ro -3 ,6 ,1 0 ,12 ,12a -pen tahyd roxy -6 -m e tby l- 
1 ,1 1 -d io x o -[ 6 0 - 5 4 - 8 ] ,4aoC ,5a< *,6  p  ,12a <*.
For convenience, t r i v i a l  names are o fte n  used w h ich  are based on the  
s t r u c t u r a l  fo rm u la  (3 ) ,  For exam ple , CTC can  be u n a m b ig u o u s ly  
des igna ted  as 7 -c h l or o te t r a q y d in e ,  OTC as 5 - hydroxy te t r a c y d in e  and 
so on. S tru e tu re s  o f  v a r io u s  te t r a c y d in e s  a re  l i s t e d  i n  Tab le  1.
1.3 FH ARMACHJTICAL CONSIDERATIONS
1.3.1 GHIE&AL
The t e t r a c y d in e s  a re  e f fe c t iv e  a g a in s t a w ide  v a r ie ty  o f a e ro b ic  and 
anaerob ic  g ra m -p o s it iv e  and gram -negative  b a c te r ia  (M its c h e r, 1978). 
However, many s t ra in s  o f  b a c te r ia  e.g» s tre p to c o c c i,  s ta p h lo c o c c i and 
gonococci have been shown to  be r e s is ta n t  to  the te t r a q y d in e a
T ab le . 1 S t r u c tu r a l  fo rm u la s  o f  th e  v a r io u s  members o f  th e  
te t ra c y c l in e  group o f a n t ib io t ic s .
Name Abbr. R1 r2 R3 R4 %
T e tra c y d in e TC H CH^ OH H conh2
Chi or te t r a c y d in e CTC Cl CH3 OH H oonh2
6-dem ethyl CTC HOL Cl H OH H CONI^
M in o c y d in e NMe2 H H H conh2
Oxy t  e t ra  cy d  i  ne OTC H C®3 OH OH CONHg
6-Deoxy OTC H ch3 H OH oonh2
M e th a cyd in e H = CH2 OH CONHg
2-Qyano TC H ch3 OH H CN
Lym ecyd ine  complex o f TC w ith  CI^O and ly s in e
Rol i t e t r a c y  d  ine  H CH3 OH H OONHCHgNC^I^
T h e re fo re  c u l t u r e  and s e n s i t i v i t y  t e s t in g  i s  recom m ended i f  th e  
in fe c t in g  organism  i s  s u s c e p tib le  to  the te t r a q y d in e a  In  genera l, 
i f  a m ic ro -o rg a n is m  i s  r e s is t a n t  to  one o f th e  t e t r a c y c l in e s  i t  i s  
u s u a lly  r e s is t a n t  to  the  e n t i r e  f a m i ly .  The t e t r a c y c l in e s  a re  
b a c te re o s ta t ic  ra th e r  than  b a c te r io c id a l un less la rg e  doses a re  used 
(M its c h e r, 1978).
1.3.2 DOSJGE
The t e t r a c y c l i n e s  a r e  u s u a l l y  e f f e c t i v e  a t  e x t r e m e ly  lo w  
c o n c e n tra t io n s ,  o f the  o rd e r  o f  1 u g /m l. A lth o u g h , o r a l doses o f  
te t ra c y c l in e s  a re  not co m p le te ly  absorbed from  the g a s t r o - in te s t in a l 
t r a c t ,  and a d s o rp t io n  may be h in d e re d  by fo o d , m i lk  and a n ta c id s ,  
o ra l doses a re  s t i l l  the  favou red  dosage form s.
1.3.3 SIDE EFFECTS
For the  most p a rt, th e  s ide e f fe c ts  commonly encountered i n  c l in i c a l  
p ra c t ic e  w ith  the te t r a c y d in e s  are  annoying or u n co m fo rtab le  ra th e r  
th a n  l i f e  t h r e a t in g .  A n o re x ia , v o m it in g ,  nausea, h e a r tb u rn ,  
f la t u le n c e  and d ia r rh o e a  a p p a re n t ly  o c c u r  i n  a b o u t 10$ o f  th e  
p a t ie n ts  re c ie v in g  2g o r more o f TC d a i ly  (M a r t in d a le  27th  e d it io n ) .  
A n o th e r s id e  e f f e c t  o b s e rv e d  i s  the  d is c o lo u r a t io n  o f  th e  te e th  i n  
c h ild re n  re c e iv in g  a te t r a c y d in e .  A te tr a c y d in e -c a lc iu m
orthophosphate complex, which i s  s lo w ly  o x id is e d  by l i g h t  from  y e llo w  
to  brown, is  b e lie ve d  to  be re s p o n s ib le  T e tra c y d in e  i s  no t pres­
c r ib e d  f o r  p re g n a n t m o th e rs  because t e t r a c y c l in e  can c ro s s  th e  
p la c e n ta l b a r r ie r  and a p p e a r i n  m o th e r1 s m ilk .  M odera te  doses can 
le a d  to  a d e f in i t e  y e llo w in g , a re v e rs ib le  s lo w in g  o f  bone grow th  in  
th e  fo e tu s ,  and in f a n t s  and young c h i ld r e n  be low  the  age o f e ig h t  
y e a rs  when th e  te e th  and bones a re  u n d e rg o in g  r a p id  d eve lop m en t 
( Ib s e n  e t  a l .  1965). D is p e n s in g  o f o u t  o f  d a te  t e t r a c y c l in e s  have 
le d  to  th e  r e v e r s ib le  F an con i syndrom e, c h a ra c te r is e d  by anorex ia , 
v o m it in g ,  w e ig h t  lo s s  and ra s h . These sym ptom s a re  b e l ie v e d  to  be 
caused by a deg rada tion  p roduct o f  TC, a n h y d ro te tra c y d in e  (anhydro 
T C )(M u ll,  1966). E x p iry  d a te s  s h o u ld  th e r e fo re  be re s p e c te d ,  and 
te t r a c y d in e s  should no t be s to re d  under c o n d it io n s  o f  excess ive  hea t 
and h u m id ity .
1.3 A  ME CH AS ISM OF ACT IDS
The t e t r a c y c l in e s  a re  a c t iv e ly  t r a n s p o r te d  in t o  th e  c e l l s  o f  
s u s c e p tib le  b a c te r ia  and e x e r t  a b a c te r io s ta t ic  e f fe c t  by in h ib i t in g  
p r o t e in  b io s y n th e s is  a f t e r  b in d in g  to  th e  r ib o s o m a l s u b - p a r t ic le  
(P ra t t ,  1973). The ribosom es o f  man a re  le s s  s e n s it iv e  to  the  e f fe c t  
o f  te tra c y d in e s .  T h is  accoun ts  f o r  t h e i r  u s e fu l s e le c t iv e  t o x ic i t y .  
O ther r d a v a n t  in fo rm a t io n  re g a rd in g  the  mechanism o f a c t io n , in t e r ­
fe re n c e  w i th  th e  h o s t 's  n a tu r a l  d e fe n ce s  e t c . ,  w h ic h  a re  beyond th e  
scope o f t h is  th e s is , have been re p o rte d  (M its c h e r, 1978).
1A DEGRADATION OF TETRACYCLINES
At le a s t  seven o f the te t ra c y c l in e s  or th e ir  d e r iv a t iv e s  are now i n  
r e g u la r  c l i n i c a l  use as a n t i b i o t i c  a g e n ts  (T a b le  2 ) ,  hence th e  
problem s o f  q u a l i t y  c o n tro l r e la t in g  to  the pure a n t ib io t ic  compounds 
and to  th e  p h a rm a c e u tic a l fo r m u la t io n s ,  d e ve lo p e d  f o r  o r a l and 
p a re n ta l use, are o f acute  s ig n if ic a n c e  to  pha rm aceu tica l in d u s try .  
A lth o u g h , most o f  th e  t e t r a c y c l in e s  d i f f e r  i n  v a r io u s  w ays, th e  
p r o p e r t ie s  o f a l l  the  compounds a re  d om in a ted  by the  common 
te t r a q y d in e  nucleus (F i&  1) and th e  a rra y  o f fu n c t io n a l groups.
Table 2. I n - v i t r o  potency o f the  m ajor te t r a c y d in e s  compared to  TC 
(Blackwood and E n g lish , 1970).




6-dem ethy l CTC -----  3.0
D o xycyd in e  1.4 -----
M e th a cyd in e  2.3 -----
Hence, the  p h y s ic a l p r o p e r t ie s ,  n o ta b ly  the  c o lo u r ,  a p p e a re n ce , 
s o l u b i l i t y  and many s p e c tro s c o p ic  fe a tu re s  o f  the  te t r a c y d in e s  a re  






Fig, 1 Common te t r a c y c l in e  nucleus and fu n c t io n a l groups
in d iv id u a l members^ A n a ly t ic a l problem s o f t h is  type are compounded 
t>y the  fa c t  th a t  common deg rada tion  p roducts  o f  the  a n t ib io t ic s  share 
many o f the  p r o p e r t ie s  o f the  p a re n t compound* S in c e  much w o rk  o f 
t h i s  t h e s is  i s  in v o lv e d  w i th  th e  a n a ly t ic a l  p ro b le m s  o f  th e  
d e g ra d a t io n  c o n ta m in a n ts , i t  i s  a d v is a b le  to  p re s e n t a b r ie f  
d is c u s s io n  o f  th e  v a r io u s  m echan ism s and s i t e s  in v o lv e d  i n  th e  
deg rada tion  processes.
1-4.1 REVERSIBLE EPXMERISATIDN AT
/
The d im e th y l amino fu n c t io n  a t  C4 o f a l l  b io a c t iv e  t e t r a c y d in e s  i s  
p o s it io n e d  1,3- d ia x ia l ly  e d ip s e d  w ith  re sp e c t to  th e  C^2a“ 0H group 
i n  a c id ic  s o lu t io n s  (see F ig .  2a )• The p ro c e s s  o f  e p im e rs a t io n  
r e l ie v e s  t h i s  in t e r a c t io n  and ta k e s  p la c e  v ia  e n o l (11) fo rm  
(Doerschuk e t  a l .  1955). The p roduc t, 4 -e p i TC, has no s ig n i f ic a n t  
a n t ib a c te r ia l  a c t iv i t y .  The re a c t io n  ta ke s  p lace more r e a d i l l y  a t  pH 
3 -5  i n  aqueous s o lu t io n s  and i s  a r e v e r s ib le  f i r s t  o rd e r  r e a c t io n  







Fig. 2a Stereochemistry at an<3 C ± 2 a
OH




Fig. 2b Stereochemistry at C_
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c o n d it io n s ,  4 - e p i  TC i s  c o n v e rte d  a lm o s t c o m p le te ly  back t o  th e  
b io a c t iv e  te t r a q y d in e  i n  the presence o f c h e la t in g  m eta ls  (K o rs t e t  
a l .  1968). T h is  has been e x p la in e d  as b e in g  due to  th e  c o m p le x in g  
m e ta ls  " t y in g "  to g e th e r  the  C ^-d im e  th y  am ino and 
fu n c t io n s , thus overcom ing t h e i r  s t e r ic  re p u ls io n s .
NMe2







(1 2 ) 4 -e p i TC ( p a r t ia l  s t ru c tu re )
1JU2 DEHYDRATION AT Cga.6
The Cg-OH g ro u p  i s  a x ia l  and a n t i  p e r i  p la n a r  t ra n s  t o  th e  Cjja-H  (see  
F ig .2 b  ). T h e re fo re  i t  i s  s t e r i c a l l y  id e a l  f o r  an E2 r e a c t io n .  I n  
te t r a c y d in e s ,  th e  re a c t io n  i s  assumed to  proceed v ia  (1 3 ) le a d in g  to  
the fo rm a t io n  o f Anhydro TC (14) i n  w h ich the  r in g  C becomes a ro m a tic
CONH
(10 )
(see NMR e v id e n c e  i n  C hap te r 5 ) .  The a nh yd ro  TC possess i n v i t r o  
a c t i v i t y  b u t  has n o t  fo u n d  c l i n i c a l  a p p l ic a t io n .  The a n h y d ro  
fo r m a t io n  ta k e s  p la c e  p r o g r e s s iv e ly  a t  pH v a lu e s  lo w e r  th a n  2 .0 ,
and so i t  i s  more s ta b le  to  a c id  deh yd ra tion  (McCormick e t  a l.  1957)« 
M in o cyc lin e  la c k s  an -OH group a t  C  ^ or Cg and so can not degrade i n  
t h is  manner. OTC dehydrates i n  th e  same manner as TC, but anhydro OTC 
(15 ) i s  v e ry  u n s ta b le  under th e  r e a c t io n  c o n d it io n s ,  u n d e rg o in g  
opening o f  the  r in g  B m ediated through the  C^-OH group to  produce the  
is o m e r ic  p h th a lid e s , a  and (3 apo OTC (16).
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a and f t -apo OTC
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1JU3 PHTHALIDE FORMATION IN BASE
I n  a lk a lin e  s o lu tio n s , te tra c y c l in e s  h a v in g  a Cg-OH c leave  re a d i ly  
to  fo rm  is o - te t r a c y  d in e  s. CTC seems to  be s p e c ia l ly  prone to  t h is  
type o f deg rada tion  (W a lle r  e t  a l .  1952). The mechanism i s  presumed 
to  be as f d lc w s :
CONH
C l
OH O OH O
CTC (1) \
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1.5 AIMS AMD OBJECTS
I t  i s  c le a r  fro m  th e  p re c e e d in g  b r ie f  su rve y  o f  t e t r a c y c l in e s  t h a t  
t h is  g ro u p  o f c lo s e ly  r e la t e d  compounds p re s e n ts  an  a n a ly t ic a l  
c h a lle n g e  t h a t  can n o t be m et a d e q u a te ly  by c u r r e n t ly  em ployed 
techn iques.
E f fe c t iv e  methods a re  re q u ire d  fo r  :
1) The s p e c i f ic  id e n t i f ic a t io n  o f in d iv id u a l member a
2) The d e te c t io n  o f deg ra da tion  product a
3)Q u a n tita tiv e  procedures f o r  d e te rm in in g  the  a n t i b i o t i c s  b o th  i n  
raw drug s ta te  and i n  pharm aceutica l p re p a ra tio n a
The p r im a ry  a n a ly t ic a l  te c h n iq u e  chosen to  m eet these  p ro b le m s  i s  
h ig h  p e rfo rm a n ce  l i q u i d  ch ro m a to g ra p h y  (HPLC), a m ethod o f  h ig h  
s e n s i t i v i t y  and p o t e n t ia l l y  capa b le  o f h ig h  r e s o lu t io n .  HPLC. may 
o f te n  d i f f e r e n t i a t e  compounds o f  v e ry  s im i l a r  s t r u c tu r e s ,  even 
d ias te re o iso m e rs  (a ls o  a n tip o d e s  when c h ir a l  columns are used). The 
techn ique  p rov id es  a ccu ra te  in fo rm a tio n  on th e  number o f components 
and t h e i r  r e la t i v e  am ounts i n  an a n a ly te .  To i d e n t i f y  th e  v a r io u s  
com ponents c h ro m a to g ra p h ic  da ta  on s tandards are  re q u ire d . Thus an 
im p o r ta n t  a d ju n c t  to  the  d eve lop m en t o f  HPLC p ro c e d u re s  i s  the  
a v a i la b i l i t y  o f re fe ren ce  compounds o f  a u th e n tic a te d  s tru c tu re .  In  
th is  case, s tandard te t r a c y c l in e  a n t i b i o t i c s  and t h e i r  d e g ra d a t io n  
p roducts  a re  re q u ire d . Because o f the c lose  s tru c tu re  s im i la r i t y  o f 
t h is  g ro u p  o f compounds, NMR s p e c tro s c o p y  i s  c o n s id e re d  th e  m ost 
e f fe c t iv e  method f o r  a c h ie v in g  c h a ra c te r is a t io n  o f the  standards, and
2 0
the f i r s t  p a r t  o f the  th e s is  de sc rib e s  th e  NMR in v e s t ig a t io n s  based 
upon both p ro ton  H) and carbon-13 (^^c) m agnetic  n u c le i.
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SECTION 2
2.1 SPECTROSCOPIC ANALYTICAL METHODS
S p e c tro s c o p y  p la y s  a m a jo r  r o le  i n  the  s t r u c t u r a l  a n a ly s is  o f  
t e t r a c y d in e s .  A lth o u g h  t h i s  t h e s is  i s  m a in ly  conce rned  w i t h  NMR 
s p e c tro s c o p y  and HPLC, i t  was c o n s id e re d  t h a t  a b r ie f  a c c o u n t o f 
o th e r sp e c tro sco p ic  and non -sp ec troscop ic  techn iques  be in d u d e d  to  
dem onstrate the com parative va lue  o f o th e r approaches.
2 .1 .1 . INFRA-RED (VIBRATIONAL) SPECTROSCOPY
Due to  th e  l i m i t e d  s o l u b i l i t y  o f  the  a n a ly t e  i n  c o n v e n t io n a l 
so lv e n ts , th e  IR spec tra  o f te t r a c y d in e s  a re  n o rm a lly  de te rm ined  as 
s o lid s  us ing  KBr d is c  o r N u jo l m u ll techn iques.
The ca rbony l re g io n  (1620-1800 cm“ ^) i s  o f  in te re s t ,  but s e v e rd  o f 
the  c a rb o n y l g ro u p s  o f th e  t e t r a c y c l in e  m o le c u le  a re  am ide  i n  
ch a rac te r, con juga ted w ith  double bonds o r s tro n g ly  hydrogen bonded. 
Hence, the carbonyl re g io n  i s  a lm os t id e n t ic a l f o r  most o f the t e t r a ­
c y c l in e s .  The m a in  d i f fe r e n c e  th e r e fo r e  l i e s  i n  th e  r e g io n  be low  
1000 cnT^ known as the  " f in g e r  p r i n t "  re g io n .  The IR s p e c tru m  o f  
o x y te t r a c y c l in e  HC1 i s  shown i n  S pectrum  1. In  c e r t a in  cases, 
appearence o f  s p e c i f i c  a b s o rp t io n  bands i n  th e  IR s p e c tru m  i s  a 
v a lu a b le  t o o l  f o r  i d e n t i f i c a t i o n .  F o r e x a m p le , d u r in g  th e  
p re p a ra tio n  o f the  2-cyano d e r iv a t iv e  o f OTC (18), the presence o f an
      ■■ ■> ■• .
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WAVE NUMBER 1400 WAVE NUMBER (CM
Spectrum 1. IR of oxytetracycline hydrochloride using KBr disc. (not calibrated) W
W
24
a b s o rp tio n  band a t  2200 cm“ 1 (absent i n  OTC), due to  -C = N ,
CONH
OTC (2) ( p a r t ia l  s tru c tu re s )  2-cyano OTC (18) 
s ig n a lle d  th e  success o f  the  s y n th e t ic  p rocess (Spectrum 2)•
2.1.2. ULTRA-VIOLET (ELECTRONIC) SPECTROSCOPY (UV)
T e t r a c y c l i n e s  p o s s e s s  tw o  d i s t i n c t  c h ro m o p h o re s  w h ic h  a re  
c o rw e n tie n tly  d iv id e d  by C ^ a ( 3).
CONH
r in g  A
(3)
.lul l . t*.
4000 3000 2500 1400




The t r ic a rb o n y l system o f r in g  A c o n tr ib u te s  a s tro n g  a b s o rp tio n  band 
a t  a b o u t 260 nm, w h i le  th e  a ro m a t ic  r in g  D c o n ju g a te s  w i t h  the  
d ik e to n e  m o ie ty  in  r in g s  B and C, to  p roduce a v i s i b l e  band a t  349 
nm. The UV-VIS s p e c tra  o f  OTC and TC a re  shown i n  S p e c tru m  3. The 
UV-VIS data f o r  v a r io u s  te t r a c y c l in e s  i s  recorded i n  Tab le  3. Due to  
the f a c t  th a t d iffe re n c e s  between the  UV/VIS spec tra  o f te t ra c y c l in e s  
a re  m in o r , e le c t r o n ic  s p e c tro s c o p y  on i t s  own i s  n o t s u i t a b le  f o r  
d i f f e r e n t ia l  a n a ly s is  o f te tra c y c l in e s .  C o n firm a tio n  o f the  id e n t i t y  
o f  a p a r t ic u la r  te t r a c y d in e  can be achieved by s p e c tra l com parison 
w i t h  t h a t  o f  th e  a u t h e n t i c  m a t e r i a l  b u t c a re  i s  n e c e s s a ry .  
D ehydra tion  a t  C53. 5 » r e s u lts  i n  th e  r in g  C becoming a ro m a tic . Th is  
produces a s ig n if ic a n t  change i n  th e  UV/VIS spectrum. The r a t i o  o f 
th e  peeks a t  348.5 nm (TC HC1) and 430 nm (a n h y d ro  TC HC1) p ro v id e s  
an  assay f o r  the  p resence  o f th e s e  two d ru g s  i n  th e  m ix tu re .  A 
s im p le  p ro c e d u re  f o r  CTC was d e ve lo p e d  by L e v in e  e t  a l .  (1949)» in  
w h ic h  th e  a n t i b i o t i c  i s  d e h y d ra te d  by h e a t in g  i n  a c id  and the  
r e s u l t i n g  s o l u t i o n  ( m a in ly  th e  a n h y d ro  CTC) i s  e x a m in e d  
s p e c tro s c o p ic a lly  a t  440 nm. T h is  i s  p re fe rre d  to  d ir e c t  exam in a tion  
o f  CTC a t  367 nm because th e re  a re  fe w e r  in te r f e r e n c e s  a t  lo n g e r  
w a vdeng ths . The same method may be a p p lie d  to  TC HC1.
2 .1 .3 . SFECTBOFLUORIHKTBT
CTC HCL produces an in te n s e ly  f lu o re s c e n t s o lu t io n  when heated a t  pH
7.5 i n  aqueous b u f f e r  (L e v in e  e t  a l .  1949). T h is  m ethod has been 
used to  check a n t ib io t ic  le v e ls  i n  an im a l feeds. Advantage was ta ke n
301.0 nm
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I g t  4.24
TC HC1 in 0.1 N HC1
lgfc 3.3
243 nm






OTC HC1 in 0.1 N HC1
450 nm
Spectrum 3. UV spectra of TC HC1 and OTC HC1 in 0.1 N HC1
Table 3 UV/VIS spec tra  o f v a r io u s  te t ra c y c l in e s .




m e th a cyd in e  










348 .5 , 301. 0 , 243.0
353 .0 , 267.0 , 215.0 
342 .8 , 266 .5 , 202.4
340 .0 , 240 .0 , -----
366. 0 , 266 .3 , -----
430 .0 , 271.0 , 221.0
4 40 .0 , 275 .0 , 224.0
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o f th e  g r e a te r  l i p o p h i l i c i t y  o f  d e h y d ra te d  TC by K e l ly  and co. 
w o rk e rs  (1969)* TC i s  d e h y d ra te d  by h e a t in g  i n  a c id ,  e x t r a c te d  a t  
about pH 4-5 w ith  c h lo ro fo rm , and th e  fluo resce nece  o f the a lum in ium  
ch e la te  i s  then  measured.
2 .1 .4  X-RAY CRYSTAL ANALYSIS
The s tru c tu re s  and s o l id  s ta te  con fo rm a tions  o f  seve ra l te tra c y  d in e s  
have been re p o r te d .  CTC HC1 was exam ined  f i r s t  (Donohue e t  a l .  




Subsequently, OTC HGL was a ls o  de term ined by t h is  techn ique . One o f 
the  l im i t a t io n s  o f X-RAY c r y s ta l s tu d ie s  i s  the s t a t ic  na ture  o f the  
m easurem ents. One n o rm a lly  ca n n o t g e t much in fo rm a tio n  re g a rd in g  
s o lu t io n  dynamics except by in fe re n c e  (see s e c t io n  on con fo rm a tion , 
page 7 5 ).
2.1 .5 MISCELLANEOUS SHSCTROSCOPIC METHODS
S o lu t io n s  o f te t r a c y c l in e s  i n  aq. NaOH c o n ta in  a la rg e  c o n c e n tra tio n  
o f  f r e e  r a d ic a ls  w h ic h  have been c h a r a c te r is e d  by e le c t r o n  s p in  
resonance methods (Lage rcran tz  and Yhland 1963). C oba lt and n ic k e l 
io n  complexes o f  the  te t r a c y d in e s  have been s tu d ie d  by re fle c ta n c e  
m ethods le a d in g  to  the  c o n c lu s io n  th a t  b in d in g  o c c u rs  i n  r in g  A 
(Baker and Brown, 1966). M agnetic moments have a ls o  been determ ined.
2.2 MISC&L ANEOUS ANALYTICAL METHODS
2.2.1 MICROBIOLOGICAL ICTHODS
The potency o f a sample o f an a n t ib io t ic  i s  de te rm ined  by com paring 
the dose w h ich  in h ib i t s  the grow th  o f a s u ita b le  s u s c e p tib le  m ic ro ­
organism w ith  the  dose o f the s tandard  p re p a ra t io n  o f  th a t  a n t ib io t ic  
w h ic h  p roduces  the  same degree o f i n h i b i t i o n .  The B.P. (1980) l i s t s  
m ic r o b io lo g ic a l  t e s ts  f o r  th e  po te n cy  o f  th e  a n t i b i o t i c ,  abn o rm a l 
t o x ic i t y ,  pyrogens and s t e r i l i t y .  These methods are  n o n -s p e c if ic  and 
r e f le c t  the  end use o f the  agents.
2 .2 .2  NO*-AQUEOUS TITRATIONS
Since te t r a c y d in e s  c o n ta in  bas ic  and a c id ic  cen tres , they may a lso  
be determ ined by t i t r a t io n s  i n  the non-aqueous media. Yokoyama and
C h a tte n  (1958) have d e s c r ib e d  th e  t i t r a t i o n  o f  t e t r a c y c l in e s  i n  
n itro m e th a n e -fo rm ic  acid-benzene s o lv e n t m ix tu re  w i th  m ethylene blue 
in d ic a to r  us ing  p e rc h lo r ic  a c id  as t i t r a n t .
2 .2 .3  PCLARCGRAFHY
C a p lis  e t  a l. (1965) describ ed  a p o la ro g ra p h ic  method f o r  q u a l i t a t iv e  
a n a l ly  s is  o f  TC u s in g  a l t e r n a t in g  c u r re n t .  I t  was c la im e d  to  be 
fa s te r  and more se n s tiv e  than  us ing  d i r e c t  c u rre n t, and th e  r e s u l t s  
ag re e d  w i t h  th e  m ic r o b io lo g ic a l  assays. I t  was a ls o  p o s s ib le  to  
assay OTC i n  th e  presence o f CTC by us ing  th e  above method.
2 .3  CHROMATOGRAPHIC METHODS
2.3.1 PAPER CHROMATOGRAPHY
In  even th e  e a r l ie s t  s tu d ie s  o f  te t r a c y d in e s ,  paper chromatography
m ethods fo u n d  g re a t  u t i l i t y  as a d ju n c ts  to  o th e r  te c h n iq u e s  i n
f o l l o w in g  b io - s y n th e s is  i n  fe r m e n ta t io n  b ro th s  ( B ir d ,  J r. and Pugh 
1954). I n  m ost cases phosphate  b u f fe re d  paper was fo u n d  to  be 
n e ce ssa ry , d e te c t io n  th e n  b e in g  c a r r ie d  o u t  by UV. Many o f  th e  
problem s asso c ia te d  w ith  paper ch rom atography  o f th e  t e t r a c y c l in e s  
( s t r e a k in g  and d i f f u s io n  o f  s p o ts ) ,  w ere  r a t io n a l is e d  by K e l ly  and 
Buyske (1960) on the b a s is  o f c h e la t io n  o f tra c e  m e ta ls  i n  the paper. 
They d a im e d  much im proved re s o lu t io n  by im pregn a tion  o f  the  paper by
EDTA p r io r  to  s p o t t in g .  T h is  system  has been a d o p te d  a lm o s t 
e x c lu s iv e ly  i n  t h in  la y e r  c h ro m a to g ra p h y  (TLC) w h ic h  has la r g e ly  
superceded paper chromatography.
2.3-2 THIN LAYER CHROMATOGRAPHY (TLC)
K apod ia  and Rao (1964) w e re  a b le  to  r e s o lv e  TC, CTC and OTC by th e  
use o f TLC im p re g n a te d  w i th  s e q u e s te r in g  a g e n ts  (e .g . EDTA). In  a 
s e r ie s  o f  pape rs , Simmons e t  a l .  (1966) have d e s c r ib e d  s ys te m s  
capa b le  o f r e s o lv in g  TC fro m  i t s  im p u r i t i e s ,  based on la y e r s  o f 
m ic r o -c r y s ta l l in e  c e llu lo s e  b u ffe re d  w ith  an aqueous s o lu t io n  o f 0.1 M 
EDTA and 0.1$ ammonium c h lo r id e . In  the course o f the  w ork  1LC was 
c a r r ie d  o u t a c c o rd in g  to  m ethods o u t l in e d  i n  th e  B.P. (1 9 8 0 ). 
S e v e ra l changes have to  be made to  the  o f f i c i a l  m ethod b e fo re  any 
reasonable  accuracy was achieved. R  ^ va lu e s  o b ta in e d  w ere found to  
be w i t h in  a v e ry  na rrow  range . TLC was fo u n d  to  be a c o n v e n ie n t 
m ethod to  check th e  p u r i t y  o f  a sam ple , b u t s t r e a k in g  was o f te n  
e n c o u n te re d  s u g g e s t in g  th a t  th e  am ount o f  w a te r  l e f t  i n  the  s i l i c a  
was c r i t i c a l .
2 .3 .3  COLUMN CHROMATOGRAPHY
Washed diatomaceous e a rth  im pregnated w ith  b u ffe re d  s ta t io n a ry  phases 
c o n ta in in g  EDTA has been used to  separate and q u a n t ify  te t ra c y c l in e  
m ix tu re s  i n  th e  p resence  o f  t h e i r  d e g ra d a t io n  p ro d u c ts  (F ik e  and 
Brake, 1972; K e lly ,  1964). A fu r th e r  e la b o ra t io n  a llo w e d  au tom a tion
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to  increase  th e  number o f samples w h ich  cou ld  be processed (Ascione 
e t  a l .  1972).
Section 3
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3 .2 .3  UV/VIS
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3 .2 .5  NMR ( 1H 100 and 400 MHz) 




D e ta i ls  o f  th e  sam ples and t h e i r  s o u rc e s  used th ro u g h o u t t h i s  w o rk  
a re  g iv e n  i n  T a b le  4. A l l  o f th e  m a te r ia ls  w ere  k in d ly  dona ted  and 
from  the  correspondence i t  i s  e v id e n t th a t  they are  a l l  o f a q u a l i t y  
deemed s a t is fa c to ry  f o r  use i n  v a r io u s  pha rm aceu tica l p re p a ra tio n a
3.2 APPARATUS
3.2.1 MELTING POINTS
M el t in g  p o in ts  wer e  re c o rd e d  i n  1 mm P yrex c a p i l l a r y  tu b e s  u s in g  a 
Townson and Mercer m e lt in g  p o in t app a ra tu a
3 .2 .2  INFRA-RED SFECTROSOOPY
The IR spec tra  were ob ta ined  on a Unicam SP200 IR spectrom eter, th e  
KBr d is c s  were prepared by m ix in g  1-1.5mg o f the sample w i th  300mg o f 
KBr. A n u jo l  m u ll was an  a l t e r n a t i v e  c h o ic e  o f  r e c o rd in g  th e  IR 
spec tra .
3.2.3 UV-V1S SHJCTROSCOPI
The UV-VIS s p e c tro p h o to m e te r  used was a P e rk in -E lm e r  550s UV-VIS 
in s tru m e n t.
Table 4. The te t ra c y c l in e s  employed i n  th e  present work.
Drug Form Batch number Company
TC HQ Raw drug 12-3334 Lede rl e*
Achromycin n 04 83 8 6/7 1 8064 tt
TC HQ n 2192291/926623 tt
Achromycin tt R7541 Le d e rle
OTC HQ tt 003-51827 P f iz e r
OTC Ca. it 003-50772 tt
OTC 21^0 it 003-53755 tt
OTC 2H20 n 503-53721 n
OTC HQ it 103-51765 tt
Lederm ycin n 048151-1043 Led e rle
Me thacy c lin e n 903-56701 P f iz e r
D em eclocycline n e u tra l 048160/E164 L e d e rle
M inoc in tt 48893-G25/G17-063 Led e rle
D oxycyc line  Ifyc la te tt 903-58702 P fiz e r
D oxycycline H yc la te tt 103-58701 tt
6-e p i doxycyc line tt 42-PD-186 P fiz e r
Aureomycin tt 038-F-021931-0500-7 L ed e rle
4 -e p i CTC HQ n 7662B-32-1 Cyanamid
Aureomycin tt 29373-B148N103 L e d e rle
Aureomycin tt 1931-05/C 176 L e d e rle
Anhydro CTC n e u tra l tt 7662B-43-1 tt
Limecy c lin e tt R93E025 Cyanamid
(USA)
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3 .2 .4  pH MEASUREMENTS
W here re q u ire d ,  pH v a lu e s  w e re  m easured u s in g  e i t h e r  th e  PT1-6 
U n iv e rs a l d i g i t a l  pH m e te r o r  Whatman pH paper ( f u l l  ra n g e  1 -1 4 ) . 
The pH m e te r was c a l ib r a t e d  u s in g  s o lu t io n s  o f  known pH ( i n  m ost 
cases pH 4.0, 6.0 and 9.2 depending on the o p e ra tin g  c o n d it io n s ).
3.2.5 NUCLEAR MAGNETIC RESONANCE SFECTROSOOPT 
1H NMR (100 MHZ)
The ^H NMR spec tra  were recorded  on J e o l PS100, o p e ra tin g  a t  100MHz, 
spectrom eter. The samples were spun i n  5mm ad. tu b e a  The average 
c o n c e n tra tio n  o f the samples was 60-80mg/0.5ml o f so lv e n t. The probe 
tem pera tu re  was 28°C. The chem ical s h i f t  da ta  were reco rded  as p a rts  
per m i l l i o n  (ppm) w i th  te t r a m e th y s i la n e  (TMS) as  th e  in t e r n a l  
standard (0 ppm).
NMR 400MHz (U n iv e rs ity  o f W arw ick, Dr. & Howarth)
The ^H NMR sp e c tra  were recorded  on a B ruke r WH-400 MRfc spec trom e te r 
o p e ra t in g  a t  400 MHz. Sam ples (5 -10m g) w ere  d is s o lv e d  i n  0 .5m l 
Dmso.dg w i t h  TMS as  re fe re n c e  s ta n d a rd , and e xam in ed  w i th o u t  
degassing a t  tem pera tu res over the  range 22-70 °C and em p loy ing  th e  
s ta n d a rd  c o n d it io n s  o f  32K da ta  p o in ts  and 32 a c c u m u la t io n s  w i t h  
d i g i t a l  r e s o lu t io n  o f  0.328 Hz per p o in t .  270 MHz ^H NMR s p e c tra  
were c a r r ie d  o u t on J e o l JNM-GX270 spectrom eter o p e ra tin g  a t  270 MHz.
13C HMt 
22.5 Mtt:
The 13C NMR spec tra  were ob ta ined  on th e  Je o l FX 90Q high re s o lu t io n  
s p e c tro m e te rs  o p e ra t in g  a t  22.5 MHz. S am ples w ere  d is s o lv e d  i n  a 
s u ita b le  deu te ra ted  s o lv e n t e.g, Dmso.dg or D2O, the  deuterium  o f the  
so lve n t p rov ided the  lo c k  s ig n a l. S pec tra  were recorded  w i th  8K data  
p o in ts .  For an ave rage  s p e c t r a l  w id th  o f 5000 Hz a 4jus p u ls e , 
c o r re s p o n d in g  to  a t i l t  a n g le  o f  3 0 ° , was em ployed w i th  a 1.8192 s 
in te r v a l .  Probe tem pera tu re  was 23°C. A l l  the  chem ica l s h i f t s  a re  
quoted w ith  re s p e c t to  TMS = 0 ppm.
67.8 Wz
The s p e c tra  w e re  o b ta in e d  on th e  J e o l  JNM-GX270 s p e c tro m e te r  
o p e ra t in g  a t  67.8 MHz. The p robe te m p e ra tu re  was 20°C. The 
deuterium  o f the  so lve n t p rov ided  th e  lo c k  s ig n a l.  A l l  the  chem ica l 
s h i f t s  a re  quoted w ith  re s p e c t to  TMS = 0 ppm.
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3.3 CHEMICAL SYNTHESIS
3.3.1 PREPARATION OF 0! AMD /? AFO-OXYTETRACYCLINE
The s y n th e s is  o f th e s e  is o m e rs  was c a r r ie d  o u t u s in g  th e  m ethod o f 
H ochste in  e t  a l.  (1953), a lthough  severa l changes were made.
10g o f 0TC.HC1 w ere d is s o lv e d  i n  0.5N HC1 (2 0 m l)  and h e a te d  i n  a 
w a te r ba th  a t  60°C f o r  19 h r s. The c le a r  d a rk  s o lu t io n  w h ic h  
re s u lte d  was d i lu te d  to  75ml w i th  w a te r and a d ju s te d  to  pH 3.5 w ith  
10$ NaOH. The t h ic k  y e l lo w  s u s p e n s io n  was f i l t e r e d .  The s o l id  
(am orphous a  and (3 apo-OTC) was washed th o ro u g h ly  w i t h  d i s t i l l e d  
w ater and d isso lve d  i n  h o t e thano l. The a. isom er p re c ip ita te d  and 
was c o lle c te d  a f te r  24 h ra  The f i l t r a t e  was rese rved  f o r  is o la t io n  
o f (3 apo-OTC.
a  -apo  OTC
The s o l id  was suspended i n  10 ml o f  ^ 0  and d is s o lv e d  by a d d in g  12N 
HC1 d ro p w is e  u n t i l  pH was 1.0. The s o lu t io n  was c o n c e n tra te d  i n  
vacuo , bu t no p r e c ip i t a t e  appeared  a f t e r  24 h rs . The s o lu t io n  was 
e va p o ra te d  to  d ry n e s s  and th e  r e s id u a l  s o l id  was s t i r r e d  w i t h  h o t 
e th a n o l f o r  30 m in. The s o lu t io n  was a l lo w e d  t o  c o o l.  The 
p re c ip ita te  w h ich  form ed was c o lle c te d  and d is s o lv e d  i n  f^0 , and then  
10$ NaOH added dropw ise u n t i l  the 01 was 3.5. The p r e c ip ita te  w h ich  
re s u lte d  was f i l t e r e d  and d r ie d  i n  a vacuum d e s ic c a to r  . The s o l id  
was re f lu x e d  w ith  h o t a b so lu te  a lc o h o l fo r  10 m ia  and f i l t e r e d  ho t. 
The s o l id  was c o l le c te d  and d r ie d .  An IR s p e c tru m  o f  the  sam ple  
d is p la y e d  a b road  band n e a r 1750 cm "^ (a b s e n t i n  th e  IR sp e c tru m  o f
4.0
OTC) which i s  due to  th e  la c to n e  group.
Y ie ld  1.5g, m.p. 195-210 °C (H ochste in  e t  a l.  1953 g iv e  190-200 °C)
(3 apo-OTC
The f i l t r a t e  fro m  th e  f i r s t  a lc o h o l c r y s ta l l i s a t io n  o f  ja apo-OTC, 
was concen tra ted  i n  vacuo to  a p p ro x im a te ly  20ml, a c id i f ie d  w i th  12ml 
o f 2.5 N HC1 and c o o le d  to  5 °C f o r  24 h r s. ^0% NaOH s o lu t io n  was 
added u n t i l  pH was 3*5. The p r e c ip i t a e  was f i l t e r e d  and d r ie d  i n  a 
d e s ic c a to r .  An IR spec trum  o f th e  sam ple  re v e a le d  a b ro a d  band a t  
1750 cm’  ^ w h ich i s  due to  the  la c to n e  groupt
Y ie ld  3.5g, nup. 195-200 °C (H ocheste in  e t  a l.  1953 g iv e  195-205 °C)
3 .3 .2  ANHYDRO TETRACYCLINE HYDROCHLORIDE
The s y n th e s is  o f  anhyd ro  TC fro m  TC fo l lo w e d  th e  m ethod  o f  Newman 
(1975). 2g o f TC HC1 was d is s o lv e d  i n  a b o i l in g  m ix tu re  (100ml) 
o f  isopropano l:m ethano l:conc. HCL in  th e  r a t io s  4 :1 :2  re s p e c t iv e ly ,  
and heated under r e f lu x  f o r  30 min. On c o o lin g  a p r e c ip i ta te  form ed 
w h ich  was c o lle c te d  ty  f i l t r a t i o n  and washed w ith  is o  propano l. The 
sample was re c ry s ta l is e d  from  m ethanol-cone, HC1 (30:1 v /v )  m ix tu re . 
The b r ig h t  y e l lo w  c r y s t a ls  w e re  c o l le c te d  and d r ie d  i n  a lo w  h e a t 
oven a t  60 °C.
Y ie ld  0.92g, m.p, 223 °C (Newman 1975 g iv e s  220 °C)
3.3.3 TETRACYCLINE METHIDDIDE
The s y n th e s is  o f  t e t r a c y c l in e  m e th io d id e  fo l lo w e d  th e  m ethod o f  
McCormick e t  a l.  (1957). .
5g o f  TC base was s t i r r e d  w i t h  18ml o f  iodom ethane  i n  90m l o f 
te t r a h y d r o fu r a n  (THF) f o r  24 h rs . a t  room te m p e ra tu re . The l i g h t  
y e llo w  s o lid ,  which form ed, was f i l t e r e d  and washed w ith  50ml THF 
and then d r ie d  in  vacuo a t  40 °C. The s o l id  was re  cry s t a l l  is e d  from  
warm (50 °C) e thano l (95%). An IR spectrum o f the sample d isp la ye d  a 
broad band near 3000 cm due to  the  q u a te rna ry  ammonium group.
Y ie ld  3g, nup. 179-181 °C (McCormick e t  a l .  1957 g iv e  178-180 °C)
3 .3 .4  5,12a DIACETYLOXYTETRACYCLINK
2g o f  OTC 21^0 base was d is s o lv e d  i n  40 ml dioxane and made up to  200 
ml w ith  a c e t ic  anhydride. The m ix tu re  was ke p t a t  room tem pera tu re  
fo r  14 day a  The s o lu t io n  was evaporated to  dryness under vacuum and 
w a te r bath tem pera ture  bdlow 35 °C. The y e llo w  s o l id  th a t  rem ained 
was r e c r y s ta l l is e d  from  to luene  as fo l lo w s :
The s o l id  was s t i r r e d  w ith e  to luene  and heated. The in s o lu b le  p re c i­
p i ta te  was decanted and s t i r r e d  w ith  h o t to luene  once aga in. A fte r  
c o o l in g  th e  in s o lu b le  p r e c ip i t a t e  was f i l t e r e d  and s t i r r e d  w i t h  
e th e r  f o r  15 m in. The e th e r  f r a c t i o n  was c o l le c te d .  The e th e r  
f r a c t i o n  was e v a p o ra te d  to  d ryn e ss . An IR  sp e c tru m  o f the  sam ple  
d is p la y e d  a resonance  nea r 1750 cm’  ^ due to  th e  e s te r
(OCOCHg) a lo n g  w i th  a resonance  a t  1720 cm“  ^ due to  th e  e th e r 
ca rbony l fu n c t io n s .
Y ie ld  800mg, m.p. 210-214 °C (H ochste in  e t  a l.  1953 g iv e  208-213 °C)
3 .3 .5  ISO-CELORTETRACYCLINE HYDROCHLORIDE
2g o f  CTC HC1 in  20 ml o f  0.1 N NaOH was a l lo w e d  to  re m a in  a t  room 
te m p e ra tu re  f o r  36 h rs .  (pH o f s o lu t io n  was 9 .0 ). The pH o f th e  
f i l t r a t e  was a d ju s te d  to  7.0 . The g e la t in o u s  p r e c ip i t a t e  w h ic h  
re s u lte d  was s lu rry -w ashe d  w i th  w a te r and d r ie d  i n  a vacuum oven over 
conc. s u lp h u r ic  ac id . The p re c ip ita te  was re f lu x e d  w ith  h o t methanol 
tw ic e  and th e  m ix tu re  f i l t e r e d  h o t. On s ta n d in g  th e  f i l t r a t e  
produced f in e  c ry s ta ls .
Y ie ld  900mg, m.p. 220-225 °C (McCormick e t  a l.  1957 g iv e  213-224 °C)
3 .3 .6  2-CARB0XAKED0DIMSD0NE
10g o f  p o ta s s iu m  cya n a te  i n  30 ml o f w a te r  was added d ro p w is e , 
d u s r in g  a p e r io d  o f  30 m in  w i th  s t i r r i n g ,  t o  a s o lu t io n  o f  10g o f  
dimedone i n  100 ml o f d im e thy lfo rm am ide  a t  100°C. the  m ix tu re  was 
h e a te d  f o r  a n o th e r  30 m in  a t  100°C, and was th e n  a c i d i f i e d  w i t h  1N 
HCL a c id  and d i lu te d  w ith  60 ml o f w a te r. The m ix tu re  was cooled i n  
an ic e  b a th  f o r  2 h r  and the  c r y s t a l l i n e  p r e c ip i t a t e  was f i l t e r e d  
o f f ,  washed w ith  w a te r and d r ie d  i n  a d e s ic c a to r. R e c ry s ta ll is a t io n
was c a r r ie d  ou t once from  e th e r-p e tro le u m  e the r m ix tu re . 
Y ie ld  6g, m. p. 147°C (M u x fe ld t e t  a l .  1966 g iv e  148-1M9°C)» 
The assignm ents a re  d iscussed i n  Chapter 5
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CHAPTER 2
1H NUCLEAR MAGNETIC RESONANCE
1H NMR
Arom atic p ro tons  o f  r in g  D 
Cg-methyl pro tons 
D im ethylam ino p ro tons 
A c id ic  p ro tons
Msthine (4H, 4a-H, 5-H  and 5a-H) and 5-^2  methylene p ro tons 
H igh re s o lu t io n  sp e c tra  recorded  above 220 MHz
Evidence o f con fo rm a tion  
OTC HQ
Doxy cy d in e  and 6 -e p i doxycycl ine  
Me d o  cy d in e  and m e th a cyd in e  
Mi no cy d in e
6-dem ethyl CTC 
a  and j3 apo OTC bases
1H-NMR
T h is  account o f th e  NMR fe a tu re s  o f the  te t r a c y c l in e  a n t ib io t ic s  
and d e r iv e d  compounds r e la te s  c h ie f l y  t o  th e  h y d ro c h lo r id e  s a l t s ,  
s in c e  th e se  a re  th e  fo rm s  in  w h ic h  these  m a te r ia ls  a re  u s u a l ly  
is o la te d  and used c l i n i c a l l y .  B a s ic  fo rm s o f the drugs are d iscussed 
la t e r .
For s o l u b i l i t y  p u rp o s e s , th e  p r in c ip a l  s o lve n t used was d e u te ra ted  
d im e th y lsu lp h o x id e  (Dmso.dg) w i t h  te t r a m e th y ls i la n e  (TMS) as the  
re fe ren ce  standard  (see expe rim e n ta l s e c tio n ). Such spec tra  in c lu d e  
a s o lv e n t  s ig n a l n e a r 2 .5ppm (a na rrow  m u l t i p l e t  due t o  r e s id u a l 
hydrogen, and o c c a s io n a lly  a w a te r s ig n a l o f v a r ia b le  p o s it io n  i f .  the  
s o lv e n t has been exposed to  m o is tu re ).
W ith  th e  e x c e p t io n  o f  th e  m e th in e  s ig n a ls ,  m ost fe a tu r e s  o f  th e  
te t ra c y c l in e  spec tra  a re  w e l l  reso lve d  and re a d i ly  ass igned a t ,  w hat 
a re  re g a rd e d  to d a y  as, lo w  o p e ra t in g  f re q u e n c ie s  (60 and 100 MHz). 
I t  is  conven ien t to  d iscu ss  each fe a tu re  se p a ra te ly  and to  summarize 
th e  data t o r  the  w hole  group. R esu lts  o f  spec tra  recorded a t  h ig h e r 
f re q u e n c ie s  (2 2 0 , 270 and 400 MHz) a re  in c lu d e d  w he re  a p p ro p r ia te ,  
bu t described  in  more d e ta i l  elsewhere.
The d i f f e r e n t  types o f p ro to n s  o f the te tra c y c l in e  a n t ib io t ic s  may be 
ca te g o rise d  in to  th e  fo l lo w in g  groups:-*
1) A rom atic  p ro tons  o f the  r in g  D
2) M e th y l p ro tons  (Cgjnethyl and NMe2 )
3) A c id ic  p ro tons
4) M e th in e  (4 -H , 4a-H , 5 -H , 5a-H ) and m e th y le n e  (5 -H 2 ) p ro to n s  (a ls o  
v in y l i c  (CH) p ro tons  o f m e th acyc line  and m e d o c y c lln e ).
A case i s  now presen ted  fo r  the  assignm ents o f the  above groups o f 
p ro tons , w i th  the o b je c t  o f assessing the  va lue  o f NMR sp e c tra  f o r  
th e  d i f f e r e n t ia t io n  o f the  v a r io u s  te t r a c y c l in e  d e r iv a t iv e s .
AROMATIC PROTONS OF RIN3 D
These re so n a n ce s  f a l l  in  th e  re g io n  6.8 to  7.8 ppm. S p e c tra  o f d e r i ­
v a t iv e s  w ith o u t  a s u b s t itu e n t  in  r in g  D, a p a rt from  the C-10 hydroxy 
w h ich  is  common to  a l l ,  show a 3-p ro to n  a ro m a tic  s ig n a l composed o f a 
broad t r i p l e t  (low  f i e l d  due to  8-H) and a p a ir  o f dou b le ts  due to
7-H  and 9 -H  (see  s p e c tra  4 and 5 a ). The 8-H  resonance  i s  lo w e s t  
f i e l d  due to  th e  known s h ie ld in g  in f lu e n c e  o f p h e n o lic -O H  a t  o r th o  
and pa ra  p o s it io n s  (S to th e rs , 1972). In  c o n tra s t,  and o f a n a ly t ic a l 
u t i l i t y ,  s p e c tra  o f  d e r iv a t iv e s  w i t h  a 7- s u b s t i t u e n t  d is p la y  a 
t y p ic a l  AB d o u b le t p a ir  (Spectrum 5b). The resonances o f r in g  D a re  
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Spectrum 5. NMR spectra of (a) TC HCl (400
chlortetracycline HCl in Dmso.d /TMS
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T a b le  5 . A ro m a tic  re so n a n ce s  o f  r in g  D (100 MHz) in  ppm fro m  TMS. 
S o lven t Dmso.dg (TMS ■ 0 ppm)
Name T r ip le t * D o u b le t**
TC HCl 7.5 7.1 , 6.9
TC base 7.5 7 a ,  6.9
OTC HCl 7.5 7.1 , 6.9
CTC HCL ---------- 7.5, 6.9
6-dem ethy l CTC HCl ---------- 7.6, 6.9
Me thacy c l in e 7.6 7.0, 7a
D oxycyc line 7.5 6 .9 , 6.85
Me c l ocy c l in e ---------- 6 .9 5 , 7 .0
M in o cyc lin e — - 6 .8 1 , 7 .39
* T r ip le t  s e p a ra tio n :-  ap p ro x im a te ly  8-10 Hz
* *  D oub le t s e p a ra tio n :-  a p p ro x im a te ly  8-10 Hz
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Cg-METHYL PROTONS
The b ro a d  th re e  p ro to n  resonance  a t  1.5 ppm o f TC HCl (3 ) (S p e c tru m
4) i s  a d ia g n o s t i c  f e a t u r e  o f  TC d e r i v a t i v e s  w i t h  a m e th y l 
s u b s t i t u e n t  a t  Cg (T a b le  6 ) .  The b road  n a tu re  o f t h i s  and r e la t e d  
resonances o f o th e r d e r iv a t iv e s  p robab ly  r e s u l t  from  the o p e ra tio n  o f 
s m a ll, long -range  co u p lin g  in te ra c t io n s .  E le c tro n e g a tiv e  atoms c lo se  
to  Cg such as oxygen in  OTC and c h lo r in e  in  CTC, s h i f t  the
CONH
OH O OH O
(3 ) TC HCl
resonance  s i g n i f i c a n t l y  d o w n f ie ld  (see T a b le  6 ). Absence o f t h i s  
signed, narrow s th e  range o f p o s s ib i l i t ie s  f o r  TC id e n t i f ic a t io n .
In  th e  sp e c tru m  o f a n h yd ro  TC (1 4 ) , th e  6-m e th y l p ro to n  re so n a n ce  
fo rm s  a sharp s in g le t  a t  2.4ppm. The d o w n fie ld  s h i f t  o f t h is  s ig n a l 
( 5A  0.9ppm), i s  a r e s u l t  o f the change o f the Cg carbon from  spJ to  
sp h y b r id iz a t io n ,  and y ie ld s  a s ig n i f ic a n t  d if fe re n c e  between th e  
TC(3) and anhydro TC (14) spec tra . T h is  a lso  p ro v id e s  a u s e fu l means 
to  m o n ito r d e h yd ra tio n  o f the  pa ren t compound.
Table 6 , ^H-NMR chem ica l s h i f t  data o f C g-m ethyl resonance (100 MHz) 
S o lven t Dmso.dg/TMS (TMS = 0 ppm)
Name 
TC HCl 




6-dem ethy l CTC HCl
M inocyc lin e
OTC HCl
Me thacy c l in e
Meclocy c l in e
Do xycy c l in e
6- e p i d o xycyc lin e
C g-m ethyl (ppm from  TMS)
1.5 broad s in g le t
1.5 broad s in g le t
2.4 s in g le t
1.9 s in g le t
  absent
  absent




1.5 broad s in g le t  (W]y2=12 Hz^
(d o u b le t  a t  400 MHz ( s e p a r a t io n  8 -9  Hz)
1 .0  d o u b le t a t  400 MHz (s e p a ra tio n  6Hz)
* wl /2 is  th e  a t  b a l f  h e ig h t
(14) Anhydro TC HCL
Since the s te reochem ica l change in  4 -e p i TC HCl i s  w e l l  removed from  
C g-m ethyl, th e re  i s  no change in  th e  chem ica l s h i f t  o f the  Cg-m ethyl 
i n  4 - e p i TC* Absence o f  t h i s  resona nce  i s  o f d ia g n o s t ic  v a lu e  f o r  
m in o cyc lin e  (9 ), 6-desm e th y l CTC, m e thacyc line  and m e c lo c y c lin e .
The 6-m e th y l resonance o f doxycyc lin e  (6) has an id e n t ic a l chem ica l 
s h i f t  to  th a t  o f TC HCl, a lthough  a change was expected due to  the  
lo s s  o f Cg-OH. T h is  in d ic a te s  th a t  rem oval o f Cg” ° H * s compensated 
by the  in s e r t io n  o f Cg-ce. The C g-m ethyl resonance appears as a ve ry
CONH
(9) m in o c y c lin e  HCl
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broad  s in g le t  (W1^ 2=12 H z), b u t i n  th e  sp e c tru m  run  a t  400 MHz 
(S p e c tru m  6), th e  C g -m e th y l resona nce  was re s o lv e d  i n t o  a d o u b le t  
(s e p a ra tio n  8-9 Hz) near 1,5 ppm. The spectrum o f 6-e p i doxy c y c l ine  
(a ls o  ru n  a t  400 MHz, Spectrum 6) shewed a d o u b le t, h ig h e r  f i e l d  than  
t h a t  o f  th e  p a re n t compound n e a r 1,0 ppm ( s e p a r a t io n ?  H z). T h is  
in d ic a te s  th a t  the Cg-m ethyl i s  e xp e rie n c in g  g re a te r d e s h ie ld in g  i n  
th e  Of -c o n f ig u ra t io n .
The chem ica l s h i f t  data fo r  the  C g-m ethyl resonances a re  p resen ted  in  
Table 6•
CONH
OH O OH O
(6) D oxycyc line
o
6-e p i isomer o f do xycy c l  ine 
( p a r t ia l  s tru c tu re  o n ly )
5 4







Spectrum 6. The spectrum of doxycycline and 6-epi doxycycline 
(in Dmso.d^/TMS, 400 MHz) to show the shift and separation of 
the C_-CH_ resonance.
DIMETHYL AMINO PROTONS
A l l  s p e c tra  o f h y d ro c h lo r id e  s a l t s  d is p la y  Intense resonances near
2.9 ppm a t t r ib u ta b le  to  the common C4 qua te rna ry  s u b s t lte n t  (H+NMe2). 
The a d d i t io n a l  and s im i l a r  resonance  a t  2.6 ppm In  th e  spec trum  o f 
m in o c y c l in e  HCl (T a b le  7) r e v e a ls  th e  C*j d im e th y l am ino fe a tu r e  o f 
t h is  d e r iv a t iv e .  Of the  tw o  N-dim e th y l amino s u b s titu e n ts , th a t  a t  C4 
i s  th e  m ore b a s ic  and w o u ld  be e x p e c te d  to  be the  p r e fe r r e d  s i t e  o f  
p ro to n a tio n  o f the  m ono-hydroch lo ride . T h is  fa c t  a llo w s  th e  a s s ig ­
nment o f the two resonances because N -p ro to n a tio n  le a d s  to  a pronoun­
ced d o w n fie ld  s h i f t  o f the  N -m ethy l resonance (Table 7 ).
The b road  n a tu re  o f th e  N -d im  e th y l  am ino resona nce  in  th e  220 MHz 
spectrum (see Spectrum 7) o f  OTC HCl re q u ire s  comment. The 220 MHz 
spectrum  was run  in  D20 p lu s  DC1. The broadening o f th e  N -d im e th y la - 
m lno resonance o f OTC HCL due to  th e  a d d it io n  o f DC1 was then  c o n f i r ­
med a t  100 MHz when the  w id th  a t  h a l f  h e ig h t (W jy2) increased  fro m  3 
to  10 Hz). S igna l broadening as a r e s u l t  o f C ^-qua ternary ammonium 
c o u p lin g  may be d is c o u n te d  s in c e  a la r g e  excess  o f D20 i s  p re s e n t  
w hereby th e  n it r o g e n  i s  d e u te ra te d  r a th e r  than p ro tona ted . There­
f o r e ,  th e  b ro a d e n in g  i s  p ro b a b ly  due to  th e  n o n -e q u iv a le n c e  o f th e  
tw o N -m ethy l environm ents a t  low  pH. T h is  s i tu a t io n  w i l l  a r is e  under 
c o n d it io n s  o f slow p ro to n  exchange, because the  tw o N-m ethyl groups 
a re  ad jacen t to  an asym m etric  c e n tre  a t  C j. Any r e s t r ic te d  r o ta t io n  
a b o u t th e  C j-N  bond s h o u ld  enhance th e  m a g n itu d e  o f th e  N -m e th y l 
chem ica l s h i f t  d if fe re n c e .
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Table 7. Chemical s h i f t  data (*H) o f C ^-d im ethy la ra ino  s ig n a ls  
in  Dmso.dg/TMS. (TMS = 0 ppm)
*
Name Chemical s h i f t  o f C4 wl / 2
(and C7 ) NMe2 (Hz)
s u b s titu e n ts
TC HCL 2.9 s in g le t 4.6
TC Base 2.5 s in g le t 4.6
TC base in  p y r id in e .d ^ 2.6 s in g le t 3
TC HCl in  p y r id in e .d 5 
4 -e p i TC HCl
2.6
2.9,
s in g le t  3
t
3.0 s in g le ts  (sharp  and broad re s p e c t iv e ly )
Anhydro TC HCl 2.9 s in g le t 3
CTC HCl 23 s in g le t 6
6-dem ethyl CTC HCl 2.9 s in g le t 6
M lnocycl ine 2 .9 , 2.6 s in g le ts 5 .5
OTC HCl 2.9 s in g le t 3
OTC HCL in  D20
OTC HCl in  p y r id in e .d ^
3.1
3.1
s in g le t
DC1
s in g le t  (3 Hz
5
10 Hz) * *
M ethacyc line  HCl 23 s in g le t 5
D oxycyc line 2.9 s in g le t 6
* wl /2 “  w id th  a t  h a l f h e ig h t a t  100 MHz
* *  w id th  a t  h a l f  h e ig h t changes a f te r  add ing DC1
t  sa m p le  c o n t a in s  TC HCl
4 . 0  3 . 0  2 . 0
ppm
•Spectrum 7. 220 MHz spectrum of OTC HC1 in D2O + one drop DC1
An analogous case i s  p rov id ed  by the  spectrum o f th e  tra n s -2 -d im e th y -  
la m in o -cyc lo h e xa n o i h y d ro c h lo r id e  (20), where d i s t i n c t  N -m ethyl s ig ­
n a ls  a re  o b se rve d . T h is  phenomenon has a ls o  been o b se rve d  i n  th e  






NMe2 s ig n a ls tw o  s in g le ts  near 2 .8  ppm 
sepa ra tion  7Hz a t  60MHz in  D2°
View down N-C bond o f p re fe rre d  
con fo rm a tion . Meb i s  su b je c t to  
in flu e n c e  o f CH s u b s t itu e n t  whereas 
Mea i s  n o t.
A s im i l a r  s i t u a t io n  may be r e a d i ly  e n v is a g e d  f o r  p ro to n a te d  TC 
d e r iv a t iv e s  (2 1 ). The phenom inan r e q u ir e s  a s lo w  r a te  o f p ro to n  
(deu te rium ) exchange a t  th e  b a s ic  c e n tre  and hence i s  bes t observed 
when the pH is  low ered . Separate l in e s  should appear i f  the exchange 
ra te  i s  s u f f ic e n t ly  s low , o th e rw ise  th e  tw o  resonances o v e r la p  to  
form  a broad band, as observed in  Spectrum 7 .




View of r in g  A in  c o n fo rm a tio n  a long N-C^ bond
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ACIDIC PROTONS
T e tra c y c lin e s  are  rem arkab le  fo r  t h e i r  h igh  co n te n t o f exchangeable 
pro tons. Most h yd ro c h lo rid e s  possess the  e ig h t a c id ic  p ro to n s  o f TC
NMe.
CONH
TC HQ (exchangeble p ro to n s )
i t s e l f  (C3-OH, C6# C10, C12* C12a ' th e  am ino g ro u p  o f th e  C2-a ra id e r 
th e  p ro to n a te d  C ^ -q u a te rn a ry  ammonium fu n c t io n ) .  In  p r in c ip le  a l l  
p ro tons are d e te c ta b le  by com paring the sp e c tra  in  Droso.dg be fo re  and 
a f t e r  a d d i t io n  o f D2o. I n  p r a c t ic e ,  how eve r, o n ly  fo u r  re so n a n ce s  
a t t r ib u ta b le  to  the a c id ic  p ro tons  can be assigned w ith  c e r ta in ty  and 
th e n  o n ly  i f  s u f f i c e n t  f i e l d  o f f s e t  i s  em p loyed  when re c o r d in g  th e  
spectrum (Spectrum 4, Tab le  8).
Two re s e a rc h  g roups  have re p o r te d  on th e  a c id ic  p r o to n  re s o n a n c e s  
( c h ie f l y  those  o f TC i t s e l f  (A s le s o n  e t  a l . ,  1974 ; W il l ia m s o n  and 
E ve re t, 1975) and a summary o f the  assignm ents i s  p resen ted . A p a i r  
o f broad one -p ro ton  resonances near 9 and 9.6ppm in v a r ia b ly  appear i n  
spectra  run in  Dmso.dg. T h is  p a ir  i s  a t t r ib u te d  to  th e  amide p ro to n s  
on the b a s is  of t h e ir  absence in  spec tra  o f the correspond ing  2-cyano
T a b le  8. C h em ica l s h i f t s  f o r  th e  a c id ic  p ro to n s  o f  t e t r a c y c l in e  
group o f a n t ib io t ic s  in  Dmso.dg/TMS. (TMS = 0 ppm)
Name 100 MHz
A c id ic  p ro tons
CONH. Others
400 MHz




4 -e p i TC HC1
9 .5 , 9 .1  1 1 .7 , 15.0
9 .1 ,  8.6 11.9
9 .3 , 9 .5  1 1 .7 , 15.1
Anhydro TC HC1 9 .3 , 9 .7
CTC H a  9 .0 , 9.5 12.0
6-dem ethyl CTC 9 .1 , 9.6 11.6
M inocyc line  9 .0 ,  9.4 11.6
OTC HC1 
Me thacy c lin e  
D oxycyc line
9 .1 , 9 .6  1 1 .5 , 14.9
9 .1 ,  9 .6  6 .4 , 1 1 .5 , 15.0
9 .1 ,  9.6 1 1 .5 , 15.1
9 .1 ,  9.55 
9 .8 ,  1 0 .11
9 .1 , 9 .6
9 .1 ,  9.6 
9.1
9 .1 ,  9 .6







1 1 .5 , 15.2
( * in  p y r id in e .d 5 )
TC analogue (22), and by re fe ren ce  to  the  spec tra  o f model compounds 











( 2 2 ) (24) (23)
2-cyano TC Broad resonances a t  8.7 
and 9.5ppm in  Dmso.dg
The appear arPe o f these bands t y p i f ie s  p ro to n s  exchanging between tw o 
d i f fe r e n t  environm ents, such as cou ld  a r is e  as a r e s u l t  o f r e s t r ic te d  
ro ta t io n  about the  N-C amide bond (25) (Abraham & L o f tu s ,  1980).
The narrow er resonances a t  lo w e r f i e l d  nea r 12 and 15 ppm are a s s ig ­
ned to  the  C^o and C12 h y d ro x y l p ro to n s ,  as th e re  i s  e v id e n c e  t h a t  
these are  in tra m o le c u la r ly  hydrogen bonded to  nearby ca rb o n y l oxygen 
a t  C^^ and C1 reE P e c t iv e ly  (A s le s o n  e t  a l . ,  1974). The d e s h ie ld in g  
consequence o f hydrogen bond fo rm a tio n  i s  w e l l  known e s p e c ia l ly  when
(25)
in t r a m o le c u la r  ( re v ie w ,  Casy 1 9 7 1 ), D ata on m ode ls  (26) and (27) 
suppo rt these assignm ents (W illia m s o n  and E v e re tt ,  1975).
o
HO O OH
8 OH = 12 ppm 8 CE = 15 J. ppm
(26) (27)
The Cg and C j^a  h y d ro x y l groups p robab ly  form  in te r  m o le c u la r  hydrogen 
bonds w ith  the s o lv e n t and absorb u p f ie ld  o f  8ppm to  fo rm  le s s  w e l l  
d e f in e d  bands due to  o v e r la p  w i t h  o th e r  re so n a n ce s . I t  i s  l i k e l y  
th a t the C j-h y d ro x y l and q ua te rna ry  ammonium p ro to n  a b s o rp tio n s  a re  
too  broad fo r  d e te c t io n  because o f ra p id  exchange ra te s .
A c id ic  p ro to n  NMR data on TC d e r iv a t iv e s  are  thus o f  l i t t l e  v a lu e  f o r  
c h a ra c te r iz a t io n  purposes. For example, v a r ia t io n  in  a c id ic  p ro to n  
c o n te n t ,  as i n  OTC w i th  one e x t r a  and d o x y c y c l in e  w i t h  one le s s ,  
cannot be e x p lo ite d  s in ce  the  d ia g n o s tic  s ig n a ls  f a l l  above 8 ppm and 
cann o t be re s o lv e d .  When s o l u b i l i t i e s  p e r m it ,  D20 * s p r e fe r r e d  to  
Dmso.dg as an NMR s o lv e n t  f o r  t e t r a c y c l in e s  as i t  e l im in a te s  a l l  
separate a c id ic  p ro to n  a b s o rp tio n s  and makes f o r  s p e c tra l s im p l ic i t y ,  
p rov ided  th a t  the  re s id u a l EDO band does n o t o v e r la p  any n o n -a c id ic  
p ro ton  s ig n a ls .
ME7HINE (4H, 4a-H, 5H and 5a-H) and 5 - ^  METHYLENE SIGNALS
In  t h is  g ro u p , o n ly  th e  4-H resona nce  i s  re s o lv e d  i n  a l l  s p e c tra .  
The o th e r s ig n a ls  fo rm  an unreso lved envelope between 1.5 and 3.0 ppm 
in  s p e c tra  re c o rd e d  a t  60 and 100 MHz, b u t s a t is f a c t o r y  r e s o lu t io n  
may be ach ieved in  most cases when th e  o p e ra tin g  frequency is  ra is e d  
to  400 MHz (see  l a t e r ) .  Thus o n ly  one re so n a n ce , a d d i t io n a l  to  th e  
N -d i ro e th y l ami no and C g-m ethyl cou ld  be re s o lv e d  a t  a f i e l d  h ig h e r 
than  6 ppm i n  the  spec trum  o f TC HC1 in  Dmso.dg. T h is  was a b ro a d  
o n e -p ro to n  s in g le t  a t  4.3 ppm and a s s ig n e d  t o  th e  p ro to n ,  s in c e  
th is  should be the  most desh ie lded  o f the  th re e  m eth lne s ig n a ls  ( i t  
i s  f la n k e d  by cha rge d  n i t r o g e n  and an e n o l ic  ca rb o n  a to m ). The 
spectra  o f a l l  TC samples d isp la ye d  a s im i la r  band in  the  range 4 .3 -
4.8 ppm (T a b le  9 ) .
The 4a-H and 5a-H me th in e  p ro ton  resonances must th e re fo re  c o n s t itu te  
p a r t o f the unreso lved envelope between 1 3  and 3 ppm. W itte n a u  and 
Blackwood (1966) re p o rte d  th e  PMR fe a tu re s  o f  TC base in  p y r id in e  and 
gave 3.6 ppm as the chem ica l s h i f t  o f the  4-H p ro to n , w ith  a range o f 
2 .2 -3 .2  ppm f o r  th e  4a-H , 5 -H  and 5a-H  p ro to n s .  They a ls o  q u o te d  a 
range o f  3 .6 -4  ppm f o r  th e  4-H p ro to n  resona nce  o f  a v a r ie t y  o f  TC 
d e r iv a t iv e s ,  m os tly  bases, in  p y r id in e  and t r i f l u o r o a c e t ic  a c id .
I f  a s s ig n m e n t o f th e  4-H p ro to n  resonance  o f TC HC1 i s  c o r r e c t  (as  
a ls o  s u p p o rte d  by s p in - s p in  d e c o u p lin g  e x p e r im e n ts  on TC base 
( W il l ia m s o n  and E v e r e t t ,  1975), i t s  c h e m ic a l s h i f t  s h o u ld  be 
s e n s it iv e  to  io n is a t io n  changes a t  C ^ -n itro g e n  and C ^-h yd ro xy l.
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T a b le  9 . C h em ica l s h i f t  da ta  (6 0 /1 0 0  MHz) f o r  m e th in e  (4 -H , 4 a-H ,
5-H and 5a-H) and 5-H2 m ethylene p ro tons . Dm so.dg/TMS
Name 4-H 5-H 4 a-H 5 a-■H 5-H.
TC HC1 4.3 bs ----- a a a
TC base 33 ----- a a a
TC base ln  
p y r ld in e .d ^ 3-7 ----- a a a
TC HC1 in  
p y r id in e .d ^ 3.7 ----- a a a
CTC HC1 4.4 _bs. ----- a a a
6-demethylCTC 4.4 bs ----- a a a
4.7 bs(C 6 )
M inocyc line A3 bs _a_ ji -----
OTC HC1 4.7 bs 3.8 b t a a -----
OTC HC1(D20) 4.4 bs 4 dd ja a -----
OTC HC1 in  
p y r id in e .d ^ 4.8 d 5.0 .t
M e thacyc line 4.7 bs 3.1 d. ---- -----
6-deoxy OTC 4.8 bs a^ a_ a -----
AnhydroTC HC1 4.4 ----- a _a -----
4 -e p i TC H Q * 4.75 ----- a a -----
4.3 bs
a - unreso lved envelope ( w ith in  1.6-3.2 ppm); <3 -  d o u b le t
bs -  broad s in g le t ;  * sample from  C ya n a m id  USA, c o n t a in s  TC HC1 
b t  -  broad t r i p l e t  
_t -  t r i p l e t
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S p e c tra  o f TC base in  p y r id in e  and Dmso.dg p ro v id e  s u p p o r t iv e  d a ta .
In  th e se  s p e c tra  th e  4.3 ppm resonance  o f TC HC1 in  Dmso.dg s h i f t s  
u p f ie ld  to  3.7 ppm in  p y r id in e ,  both s ig n a ls  fo rm in g  narrow d o u b le ts  
(T a b le  9). I n t e r p r e t a t io n  o f th e se  s h i f t s  i s  c o m p lic a te d  by th e  
fa c t  th a t  d e p ro to n a tio n  o f both  the  C ^ -n itro g e n  and C ^-h yd ro xy l w i l l  
have a s h ie ld in g  in f lu e n c e  on the  4-H p ro to n  (Casy,1971). The la rg e  
u p f ie ld  s h i f t  seen f o r  TC base in  Dmso.dg in  w h ich  the  z w i t t e r - io n  
(28a) p robab ly  predom inates (C o la iz z i and K l in k ,  1969, a lso  page 140 ) 
suggest th a t  s h ie ld in g  due to  C4-h y d ro x y l io n is a t io n  dom inates over 
d e s h ie ld in g  a r is in g  fro m  th e  q u a te rn a ry  ammonium g roup . The same 
fa c to r  may a lso  account f o r  the  fa c t  th a t  th e  chem ica l s h i f t  o f the  
NMe2 g roup  o f th e  base i s  a t  h ig h e r  f i e l d  (2 .5  ppm) th a n  t h a t  o f  HC1 
s a l t  (2.9 ppm). An e s t im a te  o f the  m agnitude o f s h ie ld in g  consequent 
upon hyd roxy l io n is a t io n  was gained from  da ta  on p -n ito p h e n o l (29 ).







8 2-H in  Dmso.d6 *=6 .9  
in  Dmso.dg/NaCH =>6.3
(28a) (28b) (29)
The h y d r o c h lo r id e  to  base u p f ie ld  s h i f t  o f  4 -H  was le s s  p ronounced  
when the base was d is s o lv e d  in  p y r id in e  ( s h i f t  to  3.7 ppm ra th e r  than 
3.3 ppm). In  t h is  case th e  fe e b ly  b a s ic  s o lv e n t w ould be expected to  
compete w ith  the n itro g e n  o f TC fo r  the  a c id ic  p ro tons (no te  th a t  the 
s p e c tra  o f TC HC1 and TC base a re  id e n t i c a l  in  p y r id in e ) .  For t h i s  
reason  a la r g e  4-H p ro to n  s h i f t  w o u ld  be a n t ic ip a te d  because o f a 
r is e  in  th e  p o p u la t io n  o f  th e  s p e c ie s  (28b), w here  b o th  io n is a b le  
f u n c t io n s  a re  i n  a fa v o u ra b le  s ta te  f o r  s h ie ld in g  th e  4-H p ro to n . 
However, when p y r id in e  complexes w ith  p o la r  m o lecu les , p ro tons  in  th e  
v ic in i t y  o f a s s o c ia t io n  s i te s  are o f te n  m arked ly desh ie lded , because 
they f a l l  w i th in  th e  a r y l  d e s h ie ld in g  re g io n  o f the  so lv e n t m o lecu le  
as a r e s u l t  o f the  g e o m e try  o f the  s o lu te - s o lv e n t  a s s o c ia t io n  mode 
(Demarco e t  a l . ,  1968? W e n k e rt and M y la r i ,  1 9 6 7 ). I t  i s  p ro b a b le  
th a t  the  same d e s h ie ld in g  m echanism  o p e ra te s  in  the  case o f  TC- 
p y r id in e , where a s s o c ia t io n  may be th rough  the  lo n -p a ir  fo rm a tio n  o f 
the  ty p e  0“ ....HN+r to  s h i f t  th e  C ^ H  to  lo w e r  f i e l d  th a n  i t s  p o s i­
t io n  in  Dmso.dg. Low f i e l d  s h i f t s  o f  C4-NMe2 , C6- m e th y l and C3-  
amide were a ls o  apparen t.
The na rrow  p r o f i l e  o f  th e  4 -H  p ro to n  s ig n a l  su g g e s t a t e t r a c y c l in e  
s t r u c tu r e  i n  w h ic h  th e  r in g  A i s  b e n t a p p ro x im a te ly  a t  90° to  th e  
p lane  o f r in g s  B ,C  and D (page 7 2 ). T he re  i s  e v id e n c e  t h a t  t h i s  i s  th e  
p re fe rre d  s o lu te  co n fo rm a tio n  o f most o f the  te t r a c y c l in e  d e r iv a t iv e s  
(see la t e r ) ,  as e s ta b lis h e d  f o r  CTC and some o f i t s  analogues in  th e  
s o l id  s ta te  by X - ra y  d i f f r a c t i o n  (Donohue, 1963). I n  ( F ig  .3 page 72 ) 
th e  d ih e d r a l a n g le  r e la t i n g  th e  C4 and C4a p ro to n s  i s  c lo s e  to
60, w h ile  In  th e  con fo rm a tio n  In  w hich a l l  the  r in g s  a re  p la n a r the
o
same a n g le  Is  c lo s e  to  180 • Such m a g n itu d e s  a re  a s s o c ia te d  w i t h  
sm a ll and la rg e  v ic in a l  coup lings  re s p e c t iv e ly  (re v ie w  Casy, 1971).
In  5-o x y te tra c y c lin e  d e r iv a t iv e s  ( i.e .  OTC, d o x y c y c lin e  , 
m e thacyc line  and m e e lo c y c lin e ), the  5-H resonance i s  a ls o  re s o lv e d  as 
i s  6-H  p ro to n  in  6 -d e m e th y l CTC as a r e s u l t  o f  d e s h ie ld in g  by th e  
gem In a l oxygen (30a, 30b).
HO. Me H r>H
OH
OTC d e r iv a t iv e s  
(30a)
TC d e r iv a t iv e s  
(30b)
The s p e c tra  o f m ost TC HC1 sam ples d is p la y e d  a lo w  in t e n s i t y  b ro a d  
band o r n a rrow  d o u b le t  t o  lo w  f i e l d  o f th e  4-H  p ro to n  re so n a n ce , 
w h ic h  i s  in d ic a t i v e  o f th e  p resence  o f 4 - e p i TC HC1 as an im p u r i t y  
i,e . a broad band near 4.8 ppm in  Dmso.dg and a d o u b le t ( l in e  separar* 
t io n  3 Hz) a t  4.6 ppm in  p y r id in e .d ^ .  A re p u te d  sa m p le  o f 4 - e p i  TC 
HC1, su p p lie d  by Cyanamid, USA., a lso  d isp la ye d  d u p lic a te  4-H p ro to n  
resona nces  i n  i t s  sp e c tru m  (T a b le  9 ) .  These s ig n a ls  p ro v id e  th e  
b e s t  means o f a s s e s s in g  is o m e r ic  p u r i t y  by *H  NMR, s in c e  s ig n a l 
d u p lic a t io n  in  th e  N -d im e th y l amino a b s o rp tio n  re g io n  i s  complex.
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A s im i la r  s i tu a t io n  was observed w ith  CTC HGL and i t s  4 -e p i isom er. 
The CTC HC1 sample showed a broad s in g le t  a t  4.3 ppm ass igned to  4-H, 
w h ile  the  4 -e p i CTC HGL (P f iz e r  sample) showed a d o u b le t lo w e r f i e l d  
to  th a t  o f the  p a re n t d ru g  a t  4 .7  ppm ( s e p a r a t io n  3*8 Hz). The 
isom er im p u r ity  was con firm ed hy HFLC where th e  m ain peak was 
preceeded by a low  in te n s ity  peak.
6-dem ethyl CTC HGL d isp la yed  tw o  s in g le -p ro to n  s in g le ts  near 4.5 ppm 
in  i t s  spectrum. The h ig h e r f i e l d  resonance a t  4.4 ppm assigned to  
4 -H  as u s u a l, w h i le  th e  s ig n a l a t  4.7 ppm m ust a r is e  fro m  th e  6-H  
p ro to n  w h ic h  i s  d e s h ie ld e d  by i t s  oxygen  and c h lo r in e  n e ig h b o u rs . 
The low  o rder o f co u p lin g  g) e v id e n t from  the  p r o f i le  o f the
6-H s ig n a l in d ic a te s  th a t  the  6-h y d ro x y l o f t h is  compound i s  pseudo- 
a x ia l  in  th e  h a l f  c h a i r  c o n fo rm a tio n  ( r in g  B) o f  th e  m o le c u le  i n  
Dmsadg, supp lem enting  the  ra th e r  sparse evidence o f s te re o ch e m is try  
o f  t h is  d e r iv a t iv e  (M itsch e r, 1978). H igher r e s o lu t io n  data supports  
th is  conc lus ion  (page 82)
HIGH RESOLUTION SPECTRA RECORDED ABOTE 200 MHz
M ethine and m ethylene p ro ton  resonances were g e n e ra lly  w e l l  reso lve d  
i n  s p e c tra  re c o rd e d  a t  400 MHz, e x ce p t f o r  4a -H  and 5a-H  s ig n a ls  
w h ic h  w e re  p a r t i a l l y  masked by t h a t  o f  th e  N -d im e th y l am ino 
resonance . However, in  th e  spec trum  o f TC m e th io d id e ,  th e  +NMe-j 
s ig n a l was d is p la y e d  to  lo w e r  f i e l d  th a n  t h a t  o f  +NMe2 th e  HC1 
spectrum, re v e a lin g  w e l l  reso lved  4a-H and 5a-H p ro tons  (see Spectrum 
The 400 MHz chem ica l s h i f t  data a re  recorded  in  Tab le 10.
The assignm ents were m os tly  t r i v i a l  and c o u p lin g  in te ra c t io n s  were 
s u b s ta n tia te d  in  some cases by sp in  deco up ling  expe rim en ts . Of the 
tw o  c lo s e ly  p la c e d  4a-H  and 5a-H  m u l t ip l e t s  n e a r 3 ppm, t h a t  to  
lo w e r  f i e l d  c o u ld  be a s s ig n e d  to  5a-H  i n  m ost s p e c tra ,  s in c e  i t  d id  
no t in c lu d e  th e  sm a ll c o u p lin g  d is p la y e d  by th e  4-H  s ig n a l (31).
(31)
The 5 -H  m e th y le n e  s ig n a l nea r 1.7 ppm, w h ic h  d is p la y e d  th re e  la r g e  
c o u p lin g s  ( w i t h  4 a -H , 5a-H  and a g e m in a l h yd ro g e n  r s u l t i n g  i n  an 















1 .5 4  a
1 .8 4  s
C4-NMe2
2 .8 9  b s
2 .8 7  b s
4-H
4 .2 3  d ( .8 4 )
(4 .3 3  b s a t  2S°C)
4 .3 2  b s
4a-H 5-H
4 - e p i  CTC HCl 1 .8 0  s
D o x y ey e lin e
b road  band b en ea th  4 .7 4  d (3 .8 0 )  
4a-H and 5a-H
1 .4 5  d  (6 .6 )
6-H a t  2 .6 4  ppm (m) 2 .8 0  b s  
e th a n o l s i g n a l s  a t  6 . 5 ,  13 ppm
6 - e p i  d o x y ey e- 0 .9  d  (6 .9 )
l i n e  6-H  a t  3 .2 1  a
(4 ,  6 .9 )
M in o cy c lin e
2 .7 8  b s
2 .9 5  b s
4 .7  s
4 .6  s
C^-NMe2 a t  2 .6  ppm 4 .4  b s  
b s
M e c lo c y c lin e
TC m ethy1 -  
io d id e
Cg i s  m eth y len e  2 .8  b s  
a t  5 .6  (tw o broad
s i n g l e t s )  
1 .5 1  s
0 - a p o  OTC b a se  2 .3 8  s  
OC-apo OTC b a se  2 .4  s
3 .3 7  b s  
(NMe  ^ s ig n a l )
1 .8 0
2 .0 5
4 .5  b s
4 .4 2  b s
3 .5  d  (12)
3 .1 8  d (5 .7 )
2 .8 7  dd ( .8 4 )  a  -*2.18 ddd
( 2 .8 ,  5 ,  1 3 .6 )  
0 : 1 . 7 9  bq (11 -1 3 )
5a-H
2 .9 1  dd ( 5 .2 ,  1 0 .8 )
VH
2 .9 2  bd (13)
2 .9 1  d t  
(4 , 4 ,  14)
Of :2 .2 4  ddd 
(2 , 5 ,  13) 
0 : 1 . 7 1  bq (1 0 .5 )
2 .9 9  dd ( 5 .2 ,  1 0 .5 )  ------
Ot : 2 .1 7  bq (14) 3 . 0  dd (5 , 11)
0 : 1 . 5 8  bq (1 0 .5 )
2 .8 8  d  (1 1 .3 )  0 : 3 . 4 8  b t  (8 -1 0 ) 2 .5 5  dd ( 8 .2 ,  1 2 .4 )
2 .9 3  d  (1 1 .6 )  0 : 3 . 3 8  (7 , 11) 3 .0  ( 4 .2 ,  9 .5 )
2 .3  bd CL :3  b s : 2 .5  
: 3 .3  bd
3 .5 5  bd (8 .9 7 )  0:3.8 b t 3 .0  (1 1 .3 6 )
3 .1 3  b s
2 .7 3  b t  
( 0 .8 ,  1 1 .5 )
3 .0 6  b t  
(5 -6 )
Ot : 2 .2 5  bd (13) 
0 : 1 . 7 4  bq (13)
6 .0 6  d (0 .8 )
5 .8 5  s
2 .9 1  dd ( 5 .1 ,  1 1 .2 )  ----------
4 .3  d  (1 1 .5 )
4 .6  d
H NMR chem ica l s h i f t s  ( in  ppm from  TMS a t  O ppm) and co u p lin g  con s ta n ts  ( in  parentheses fo llo w in g  chem ical 
s h i f t s )  o f  te t r a c y c l in e  a n t ib io t ic s  and t h e i r  common deg rada tion  p ro d u c ts  measured a t  400 MHz in  Dmso.dg/ 
TMS.
b , broad , s , s in g le t  , d , d o u b le t , t ,  t r i p l e t  , q , q u a r te t  , m, m u lt ip le t
t h a t  nea r 2.2 ppm (s h o w in g  one la r g e  c o u p lin g  w i t h  th e  g e m in a l 
p ro ton , and two sm a ll co u p lin g s  w i th  4a-H and 5a-H) was assigned to  









F ig ,  3 C o n fo rm a tio n  o f t e t r a c y c l in e  h y d ro c h lo r id e  d e r iv a t iv e s .  
Newman diagram d e p ic ts  v iew  down th e  C4-C4a bond.
M agnitudes o f the  co u p lin g  co n s ta n ts  f o r  p ro to n s  a tta ched  to  ( ^ ,  C5a,
C4 and C4a p ro v id e  evidence f o r  the geom etry o f r in g s  A and 
B o f th e  t e t r a c y c l in e  d e r iv a t iv e s  as h y d r o c h lo r id e  s a l t s .  The 
r e s u l t s  a re  in  g e n e ra l a g re e m e n t w i t h  c o n fo rm a t io n s  o f th e  ty p e  
e s ta b l is h e d  f o r  TC H C l, CTC H C l, OTC HCl and 6-d e m e th y l CTC HCl in  
the s o l id  s ta te  (Donohue e t  a l . ,  1963; D u n itz  and R obertson, 1952).
In  t h is  arrangement (F ig  3 ) r in g  A i s  a h a l f  c h a ir  a lig n e d  a p p ro x i­
m a te ly  a t  r ig h t  ang les to  the mean p la n e  o f  r i n g s  B -D .
NMR data fo r  4 -e p i CTC re q u ire  a co n fo rm a tio n  w ith  a s m a ll d ih e d ra l
a n g le  l i n k i n g  4-H and 4a -H  ( ^ J 4 f4 a H z  ^ an<* one * n t *ie
d im e thy iam ino  group i s  in  a h ig h ly  h indered  env ironm ent to  a llo w  fo r  
i t s  ve ry  broad resonance ( F ig  4 )• A c o n fo rm a tio n  such as th a t  in  
F ig .  3 i s  p o s s ib le  ( w i th  4 -H  and 4-NMe2 re v e rs e d , b u t th e  one 
de p ic te d  in  F ig  4 ,r where the  NMej group i s  m arked ly h inde red  
and H -4-C -4-0-4a-H -4a d ih e d ra l ang le i s  p roba b ly  d i f f e r e n t  from  th a t  
in  F ig  3 ( le a d in g  to  ^J4 f4a c o u p lin g  d if fe re n c e  m agnitudes f o r  the  
e p im e ric  p a ir )  is  more l i k e l y .  C onfo rm ations o f  the  o th e r 
d e r iv a t iv e s  w ith  s u p p o rtive  c o u p lin g  c o n s ta n t evidence w i l l  be presen ted  
1a te r •
Solv.
CTC





Fig. 4. 3ppm region of the 400 MHz NMR speCtra of CTC and 4-epi CTC
in Dmso.d showing NMe , 4a-H and 5a-H signals. A conformation of 
6 2
4-epi CTC (partial structure) which places the dimethylamino group in a 
highly hindered environment is shown alongside.
EVIDENCE OF CONFIGURATION
OTC HCL
Chemical evidence f o r  the c o n f ig u ra t io n  o f OTC was p resen ted by 
W itte nau  e t  a l,  (1965). Since OTC may be a b le  to  assume a v a r ie ty  
o f con fo rm a tions , 12a-ep i-dedim ethylam inoanhydro-0TC  (32) was used, 
w h ich can e x is t  i n  on ly  one con fo rm a tion , determ ined by the  tra n s  
ju n c t io n  r e la t io n s h ip  o f  the  r in g s  A-R  W ith  subsequent NMR 
a n a ly s is , the co n fo rm a tio n  o f p ro tons a t  C  ^ and C^a were thus  
shown to  be tra n s  d ia x ia l (acco rd ing  to  th e  va lu e s ), and th e  
hydroxy group a t  Cg to  be c is  to  the  hydrogen atom a t  C^a.
QONH
OH OH O O
(32) 12a-epi de dim e th y l ami no ahhydro OTC
In  the  sp e c tru m  o f  OTC HCl ru n  a t  100 MHz, th e  b ro a d  s in g le t  a t  4 .7  
ppm was assigned to  4-14 and th e  one a t  3*8 (a broad t r i p l e t  separa­
t io n  8 Hz) was assigned to  5 -R  A subsequent ru n  a t  220 MHz, re so lve d  
the  broad t r i p l e t  in t o  a doub le t o f  d o u b le ts  (w ith  s e p a ra tio n s  o f  8.8 
and 11 Hz), Hence, the  m ain fe a tu re  o f the  5-H resonance i.e . two 
la rg e  coup lings  in d ic a te  i t s  c o n f ig u ra t io n  as pseudoaxia l ( /? )
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to  4a and 5a p ro to n s .  T h e re fo re  5-OH i s  p s e u d o -e q u a to r ia l ( a ) in  
c o n f ig u r a t io n  as shown in  F ig .  5.
F ig . 5. The s te reochem ica l c o n f ig u ra t io n  o f OTC HCl 
DOXYCXCLXNE AND 6-E P I DOXYCYCLIHE
Chemical evidence fo r  th e  c o n f ig u ra t io n  o f d o x y c y c lln e  was p resen ted  
by Stephen e t  a l  (1963). They found th a t  ty d ro g e n a tio n  o f m ethacyc- 
l i n e  y ie ld e d  an a p p ro x im a te ly  equ im o la r, r e a d i ly  separab le  m ix tu re  o f 
the  two Cg ep im ers o f do xycyc lin e . Evidence o f the  Cg s te reochem is­
t r y  was ob ta in e d  by a s te re o -s p e c if  lc  s y n th e s is  o f  d o x y c y c lin e . I t  
was observed th a t  benzy l m ercaptan w i l l  add to  the  m ethylene group o f 








OH O OH O
(33)
Only one Cg epimer i s  ob ta ined . From a model s tudy , i t  was concluded 
t h a t  th e  more s ta b le  fo rm  i s  th e  one w i t h  th e  la r g e r  g ro u p  a t  Cg 
e q u a to r ia l  ( o r  a  ) i .e .  s im i l a r  to  t h a t  o f  6-Me i n  OTC as shown in  
F ig .  5. , T h is  c o n c lu s io n  i s  now c o n f irm e d  fro m  th e  c h e m ic a l s h i f t  
data  presented in  Tab le  10 • The 4a-H resonance (a t  2.88 ppm) is  a 
d o u b le t  w i t h  a la r g e  c o u p lin g  t o  5 -H  (11 .3  Hz). The 5-H  re so n a n ce , 
a t  3.4 8 ppm, is  a broad t r i p l e t  w ith  la rg e  co u p lin g s  to  bo th  4a-H and 
5a-H  (8 -1 0  Hz). These c o u p lin g  c o n s ta n t  m a g n itu d e s  show t h a t  5-H 
must be 0 ( l.e . a x ia l)  and 5-GH a (e q u a to r ia l) .
The 5a-H resonance (a t  2.55 ppm) i s  a d o u b le t o f d o u b le ts  showing tw o 
la rg e  co u p lin g  co n s ta n ts  o f 8.2 and 12.4 Hz (due to  c o u p lin g  w ith  5-H 
and 6-H ) , th e r e fo r e  6-H  m ust be 0 , th u s  p ro v in g  C g -m e th y l to  be a  
in  c o n f ig u ra t io n . T he re fo re , the  c o u p lin g  c o n s ta n ts  a re  c o n s is te n t 
w ith  the chem ica l evidence o f  c o n f ig u ra t io n ,  as p resen ted  in  F ig  6 *
In  th e  6-e p i d o xycyc lin e  isom er, th e  p o s it io n  o f C g-m ethy l and Cg-H 
are  reversed. I f  t h is  s te re o ch e m is try  is  c o r re c t  the  fo l lo w in g
CONHj
Hvl°
F ig , 6 C onform ation o f 6-deoxy OTC
changes in  c o u p lin g  cons tan ts  should be observed:
Doxy cy c l in e 6-e p i d o xycyc lin e
C4a’ H
c5-h
do u b le t, la rg e  c o u p lin g  
(11.3 Hz)
broad t r i p l e t .  Two la rg e  
co u p lin g s  (8-10 Hz)
d o u b le t o f doub le ts  
Two la rg e  co u p lin g s  
(8 .2 , 12.4 Hz)
no re a l change 
expected (11.6 Hz)
no re a l change 
expected (7,11 Hz)
should show one la rg e  
c o u p lin g  w ith  C^-h 
and one sm a ll 
c o u p lin g  w ith  Cg-H 
(4.2 and 9.5 Hz)
The c o u p lin g  c o n s ta n ts  a re  w itn e s s  to  th e  f a c t  t h a t  i n  th e  6- e p i  
isom er, the  C g-m ethyl is  fi (p seud o -a x ia l) and th e re fo re  Cg-H must be 
a (p s e u d o -e q u a to r ia l) .
79
MECLOCYCLINE (R=d) AND METHACYCLIHE (R=H)
K .xO H V
OH O OH O
CONH2
H
(34) M e c lo cyc lin e  and m ethacyc line
In te rp re ta t io n  o f th e  ^H NMR s p e c tra l fe a tu re s  o f  m e c lo c y d in e  and
methacy c l in e  in  te rm s o f c o n f ig u ra t io n  i s  f a i r l y  s t ra ig h f  orw ard and 
s u p p o rts  a c o n fo rm a t io n  s im i l a r  to  t h a t  o f  OTC H C l. The 4 -H  
resonance i s  a broad s in g le t  a t  4.5 ppm. Between 3 and 4 ppm, th e re  
a re  th re e  re so n a n ce s , tw o  d o u b le ts  and one t r i p l e t .  These m ust be 
due to  C4a, C ja (tw o d o u b le ts  w i th  la rg e  co u p lin g s  o f  9.0 and 11.4 Hz 
re s p e c t iv e ly  and C5- h  (a t r i p l e t  w ith  two la rg e  co u p lin g s  w ith  C4a-H  
and Csa-H). T he re fo re , C5-H has ft (p s e u d o -a x ia l) geometry.
Two broad s in g le ts  a t  5.6 ppm must be due to  th e  Cg-m ethylene group. 
The s l ig h t  broadness o f each s ig n a l is  due to  sm a ll gem ina l co u p lin g s  
( ty p ic a l o f a =CH2 system ). The co n fo rm a tio n  a t  C4 is  as th a t  o f OTC 
HCl i .e .  C4~H is  a  ( p s e u d o -e q u a to r ia l) .  The c o n fo rm a t io n  o f 





R = C 1  in m e c l ocydine  
R = H in methacycline
OH
F ig , 7 C o n fig u ra t io n  o f m ethacyc line  and m e c lo c y d in e  
MINOCYCLINE HYDROCHLORIDE
F u ll re s o lu t io n  o f r in g  B , C and D p ro tons  (9) was n o t p o s s ib le  
a t  270 MHz because o f t h e ir  e x te n s iv e ly  coupled na tu re . However, the  
4-H resonance form ed an is o la te d  resonance as usua l, namely a broad 
s in g le t  a t  4.4 ppm, t y p ic a l  o f t e t r a c y c l in e  HCl s p e c tra .  A lo w e r  
f i e l d  resona nce  o f weak in t e n s i t y  a t  4.8 ppm i s  p ro b a b ly  due t o  th e  
4 -e p i isom er as an im p u r ity ,  a c o n d u s io n  supported by the d u p lic a ­
t io n  o f the  a ro m a tic  s ig n a ls  and th e  h ig h e r f i e l d  NMe2 s ig n a ls  in  th e  
same in te n s i t y  sense. A sample o f m in o c y d in e  run  by HFLC f a i le d  to  
show any c o n ta m in a tio n  by the  4 -e p i isom er. T h is  may be due to  th e  
f a c t  t h a t  m in o c y c l in e  p lu s  th e  Is o m e r  a r e  e l u t i n g  a lm o s t
8 !
in s tan tan eous ly  as in  th e  case o f TC and 4 -e p i TC HCL.
CONH
(9 ) m in o cyc lin e
In  a sp e c tru m  o f th e  a n t i b i o t i c  , in  Dm so.dg, ru n  a t  400 MHz th e  
fo llo w in g  s ig n a ls  were re so lve d :
1) 4.3 ppm broad s in g le t  (as usua l) assigned to  4-H.
2) 3.1 ppm w e ll  d e fin e d  d o u b le t o f d o u b le ts , s e p a ra tio n s  4.0 and 15.0 
Hz. The m a g n itu d e  o f  th e  la r g e r  c o u p lin g  r u le s  o u t  a v i c i n a l  
in te ra c t io n  (these  ra re ly  exceed 12 Hz) and i t  i s  more l i k e l y  due to  a 
gem inal p ro to n . The s ig n a l may th e re fo re  be assigned to  th e  6 a -H  
p ro to n  w h ic h  in t e r a c t s  g e m in a lly  w i t h  6 /fr-H  and v i c i n a l l y  ( s m a l l 
coup ling ) w ith  5 a-H.
3) O verlapp ing  m u lt ip le ts  near 2.9 ppm, co m p ris in g  th e  4ar-H and 5a-H 
s ig n a ls  (see below ).
4) o v e r la p p in g  m u lt ip le t s  near 2.2 ppm co m p ris in g  th e  5 a -H  and 6 £ -H  
s ig n a ls .
5) Broad (apparen t q u a r te t)  near 1.5 ppm (s e p a ra t io n  13 Hz) ass igned 
to  th e  5 /ft-H p ro to n .
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2D c o r re la t io n s  (COSY) expe rim en ts  con firm ed  these assignm ents s ince 
they e s ta b lis h e d  co u p lin g  in te ra c t io n s  between:
4.2 and 2.85 ppm resonances (4-H /4a-H)
3.2 (6a -H ) w i t h  b o th  2.85 (5 a -H ) and 2.2 (6 /?-H )
2.2 ppm (5 a -H ) and 1.5 ppm (5 /5 -H )
2.85 ppm (4 a -H )  and b o th  2.2 ppm (5 a -H )  and 1.5 ppm (5 p-R)
A l l  th e  c o u p lin g  d a ta , e s p e c ia l ly  t h a t  r e la t i n g  t o  4 -H  and 5a-H, 
p o in ts  t o  m in o cyc lin e  HC1 fa v o u r in g  a s o lu te  co n fo rm a tion  s im ila r  to  
t h a t  o f  TC HC1.
6-DEMETHYL CTC HC1
The 400 MHz spectrum o f t h is  d e r iv a t iv e ,  in  CD^OD, revea led  th e  4-H
and 6-H resonances as c le a r  narrow d o u b le ts :
4-H 4.18 ppm se p a ra tio n  2.5 Hz 
6-H 5 .0 ppm se p a ra tio n  2 .7 Hz
The 5a -H  s ig n a l was a ls o  re s o lv e d ,  a m u l t i p l e t  ne a r 3.2 ppm o f 
se p a ra tio n  2.7, 6.8 and 9.5 Hz. A l l  these data su p p o rt a pseudoaxia l 
( p ) o r i e n t a t i o n  f o r  th e  6 - h y d r o x y l  g ro u p  and an o v e r a l l  
con fo rm a tion  s im ila r  to  th a t  o f TC HC1.
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a AND (3 -AFO OXYTETRACYCLINE BASES
H ochste in e t  a l.  (1953) re p o rte d  the s y n th e t ic  ro u te  le a d in g  to  the 
fo rm a tio n  o f a  and 0 -apo OTC ( fo rm u la te d  as th e  la c to n e s  (16) o f 
unknown s te r e o c h e m is t r y ) ' fro m  OTC unde r a c id ic  c o n d it io n s .  The 
re a c tio n  in v o lv e s  th e  lo s s  o f w a te r between Cg and C5a, in v e rs io n  o f 







The hmr sp e c tra  is  c o n s is te n t w i th  the  la c to n e  fo rm u la t io n  (see 
l a t e r ) ,  b u t th e  e x a c t d i f f e r e n c e  b e tw e en  th e  is o m e rs  was n o t  
revealed. To seek evidence o f c o n f ig u ra t io n  th e  400 MHz spec tra  
o f th e  is o m e r ic  p a i r  w e re  exam ined  t o  e s t a b l is h  th e  m a g n itu d e  o f 
c o u p lin g  in t e r a c t io n s  w i t h in  th e  sys tem  5 -H , 4 a -H , 4-H and 12a-H . 
Spectra were bes t re s o lv e d  in  Dmso.dg a t  70°C
S p e c tra l d e ta i ls  and assignm ents are summarised be low :
The a and p 6-Me c h e m ic a l s h i f t s  a re  c lo s e  t o  t h a t  o f  6 -Me in  
anhydro TC in  supp o rt o f r in g  B be ing  f u l l y  a ro m a tic . Four
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methine s ig n a ls  were lo c a te d  i n  th e  p  -sp e c tru m :
1. 6,06 ppm ve ry  narrow doub le t (s e p a ra tio n  0.8 Hz)
2. 4.3 ppm c le a r  doub le t, la rg e  s e p a ra tio n  (12 Ife)
3. 3*5 ppm doub le t o f  la rg e  se p a ra tio n  (12 Hz), bu t obscured by
HDO band. The d o u b le t  was c le a r l y  re s o lv e d  a f t e r  
a d d it io n  o f D20
4. 2.73 ppm t r i p l e t  (s e p a ra tio n  11.5 Ife), each l in e  o f w h ich shows
a sm a ll sepa ra tion  (0.8Hz)
S p in -d e co u p lin g  expe rim en ts  e s ta b lis h e d  th a t  s ig n a ls  2, 3 and 4 were 
coupled. S ig n a l 4 was coupled i n  equal degree (11.5 Hz) to  s ig n a ls  2 
and 3> and w eakly ( 0.8 Ife) to  s ig n a l 1, and must th e re fo re  a r is e  from  
4 a-H. The na rrow  d o u b le t ne a r 6 ppm may be a s s ig n e d  to  5-H on 
c h e m ic a l s h i f t  g rounds ( t h i s  p ro to n  i s  f la n k e d  by oxygen  and an 
a ro m a tic  carbon). L ik e w is e  the  4.3 ppm d o u b le t i s  a t t r ib u te d  to  12a-H 
( v ic in a l  to  oxygen) and th e  3.5 ppm d o u b le t  to  4 -H  ( v i c in a l  to  
n itro g e n ). S im ila r  argum ents were used to  a s s ig n  the  a  -sp e c tru m ;
4a-H was s im i la r  i n  chem ical s h i f t  and m u l t i p l i c i t i e s  to  th a t  o f 
P - 4 a-H, bu t c o u p lin g s  to  4-H and 12a-H w e re  w e a k e r (^ J  5.7 and 5.1 
Hz re s p e c t iv e ly ) .
In  th e  p  - is o m e r ,  and t o  a le s s e r  e x te n t  i n  th e  a  - is o m e r ,  th e  
d im e thy lam ino  resonance was much h ig h e r f i e l d  { p  1.8 ppm; a  2.05 ppm) 
than  th e  normal range o f 2.5-3.0 ppm. T h is  fa c t ,  to g e th e r w ith  the  P
-m eth ine  co u p lin g  magnitudes, i s  now a p p lie d  to  the c o n f ig u ra t io n a l assignm ent
o f  th e  la c to n e  (16).
S ince  th e  p h th a l id e  u n i t  (35) i s  i n  one p la n e , th e  c o n f ig u r a t io n  a t  
C5 i s  n o t a p ro b le m , b u t the  cyc lo h e xe n o n e  u n i t  ( 36 ) can a d o p t tw o 
in te r c o n v e r t a b le  h a l f  c h a i r  c o n fo rm a tio n s .  I n  th e  case o f th e  (3- 
isom er the co n fo rm a tio n  w h ich a llo w s  the s tro n g  c o u p lin g  o f  4 a-H to  
b o th  4 -H  and 12a-H) s h o u ld  re p re s e n t  th e  p r e fe r r e d  c o n fo rm a tio n .  
S in ce  the  c o u p lin g  be tw een  5-H and 4a -H  i s  s m a ll (0 .8  Hz), th e  
r e le v a n t  d ih e d ra l a n g le  i s  m ost p ro b a b ly  i n  th e  range  6 0 -9 0 ° . A 
(3 -m o d e lin c o rp o ra t in g o n e  o f th e  tw o p o s s ib le  a rra n g e m e n ts  t h a t  
p ro v id e  t h i s  a n g le , to g e th e r  w i t h  c o n fo rm a tio n  (37) (w hich p rov ide  
f o r  la r g e  c o u p l in g s  b e tw e e n  4 a -H  a nd  4 -H /1 2 a -H )  p la c e s  th e  
d im e thy lam ino  group beneath, and thus  s h ie ld e d  by th e  a ro m a tic  r in g s  
C-D w h ich accounts f o r  the u nu sua lly  h ig h  f i e l d  chem ica l s h i f t  o f 
these protons, A s im i la r  arrangem ent can be d e riv e d  from  the  m ir ro r  
im age o f  s t r u c tu r e  37 and th e  tw o  m ode ls  a re  o f  th e  same r e l a t i v e  
c o n f ig u r a t io n .  The (3 - s te r e o c h e m is t r y  th u s  deduced (38) i s  
r e la t e d  in  c o n f ig u r a t io n  to  the  p re c u rs o r  m o le c u le  ( i . e .  OTC) a t  
C4 , Cjja and C^2a# S ince  o n ly  th e  bond be tw e en  C^2 and ^ i2 a  i s  
c le a v e d , i t  i s  m ost p ro b a b le  th a t  s i t e  o f  e p im e r iz a t io n  i s  C^2a* 
T h e re fo re  th e  a  - is o m e r  m ust have th e  c o n f ig u r a t io n  38 w i th  th e  
s u b s t i t u e n ts  a t  C^2a in te rc h a n g e d . The 400 MHz ( 1H) d a ta  f o r  th e s e  









HO'x^ r  CONH, 
O
(38) (R rp h th a lid e  u t f i t  35)
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NUCLEAR RELAXATION
When a sample I s  In trodu ced  In to  a m agnetic  f i e l d ,  the  n u c le a r sp ins 
d is t r ib u te  them selves, a t  o rd in a ry  tem p era tu re , between the  low  and 
h ig h e r  ene rgy s ta te s ,  w i th  th e  number o f s p in s  in  th e  lo w  energy 
s ta te  b e in g  s l i g h t l y  h ig h e r  th a n  th e  l a t t e r  s ta te  a c c o rd in g  to  th e  
Boltzm ann d is t r ib u t io n  law . When an r f  pu lse  i s  a p p lie d , the  nuc le a r 
sp ins  are pe rtu rb ed  and beg in  to  r e la x  back to  the o r ig in a l  p o s it io n  
as soon as th e  r f  pu lse  is  stopped. T h is  g ive s  r is e  to  th e  concept 
o f n u c le a r  r e la x a t io n .  The r e la x a t io n  t im e s  o f c a rb o n s  a re  v e ry  
dependant on th e  p ro to n  e n v iro n m e n t (as  d is c u s s e d  on f o l l o w in g  
pages), and t h is  c o n c e p t has been u t i l i s e d  i n  th e  a s s ig n m e n t o f the  
v a r io u s  carbons o f the  te t r a c y c l in e  m o lecu le . I t  i s  f o r  t h is  reason 
th a t  t h is  c h a p te r  i s  in c lu d e d  a t  t h i s  p o in t .  The em phas is , i n  t h is  
c h a p te r ,  w i l l  be p la c e d  on th e  b a s ic  th e o ry  o f n u c le a r  r e la x a t io n ,  
v a r io u s  e x p e r im e n ta l d e s ig n s  and a v e ry  b r i e f  d is c u s s io n  o f th e  
assignm ents.
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1 3 C R ELA XA TIO N  t i m e s
IN TR O D U C TIO N  TO 1 3 C R ELA XA TIO N  M ECHANISM S
In a static magnetic field, Bc, an isolated nucleus of spin 1/2 has 





High energy ^  nuclear spin opposed to B( 
Low energy ^  nucleus spin aligned with B(
According to the Boltzmann distribution law, at ordinary 
temperatures, only a small excess of nuclei is in the lower energy 
state which gives rise to an observable NMR signal.
When a sample is introducted into the magnetic field B^ interactions 
between the 13C nuclei and the lattice result in establishment of an 
equilibrium excess, giving rise to a net magnetisation vector (MQ)r 
aligned with BQ.
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M0= stationary bulk magnetisation vector
(as represented by the rotating frame)
When the sample is irradiated with a rf pulse, the magnetic moment of
th e  r f  tu rn s  MQ o u t o f  a lig n m e n t w i t h  BQ (z  a x is )  and to w a rd s  th e  y 
a x is .  The d u r a t io n  o f th e  r f  p u ls e  d e te rm in e s  th e  a n g le  MQ i s  
d e f le c te d  fro m  th e  z a x is .  As soon as th e  r f  p u ls e  i s  s to p p e d , th e  
m a g n e tisa tio n  v e c to r  beg ins to  r e la x  back tow ards the  e q u il ib r iu m  
p o s it io n . Th is  i s  ach ieved by two processes, s p in - la t t ic e  and s p in -  
s p in  r e la x a t io n .
A) SPIN-LATTICE RELAXATION (Tj)
The m a g n e t is a t io n  v e c to r  re m a in in g  a lo n g  th e  z - a x is  r e la x e s  back
a lo n g  th e  z - a x is  to  i t s  o r ig in a l  v a lu e  o f M0 by means o f an
e x p o n e n t ia l decay c h a ra c te r is e d  by a r e la x a t io n  t im e  T^. T h is  
re la x a t io n  r e s u lts  i n  lo s s  o f energy from  the e x c ite d  n uc lea r s p in s
to  the  su rround ing  m o le cu la r l a t t i c e  (see F ig ,  8  ) .
F ig . 8 R e la x a tio n  a long the z -a x is  ( s p in - la t t ic e  r e la x a t io n )
T h is  can be expressed m a th e m a tic a lly  as : -
)
t  sec.
(M0-M z ) = M0( 1 -003  g ) e x p C - t /T , )  ............. (1 )
The s p e c tro m e te rs  o n ly  d e te c t  s ig n a ls  a lo n g  th e  Y * -a x is  and i n  th e  
absence o f T2 (see la t e r )  the s ig n a l w i l l  decay a c c o rd in g  to
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V ( t )  -  My '(o ) exP( -  t / T x )  ( 2 )
Hence, a f t e r  a t im e  5xT^, i t  w i l l  have decayed to  0.007 My’ (0 ) 
e s s e n ta i l ly  zero.
B) SPIN-SPIN RELAXATION (T2>
The second p ro c e s s  i s  known as s p in - s p in  r e la x a t io n  because th e  
n u c le a r  s p in s  in te rc h a n g e  ene rgy  w i th  one a n o th e r .  I t  a ls o  g iv e s  
r is e  to  an e xp o n e n tia l decay.
SPIN-LATTICE RELAXATION
The process in v o lv e s  energy exchange between in d iv id u a l n u c le a r sp ins  
and the su rround ing  l iq u id  or s o l id  l a t t i c e .  T he re fo re  the  la t t i c e  
ac ts  as a "heat s in k " to  e s ta b lis h  and re s to re  th e rm a l e q u il ib r iu m .
There are a number o f mechanisms w h ich  can c o n tr ib u te  to  s p in - la t t ic e  
re la x a tio n  in  a m olecu le . The most common o f these, a long w ith  t h e i r  
re la x a tio n  tim e s  a re :
1) D ip o le -d ip o le  re la x a t io n  (T^ DD)
a) w ith  nucleus
b) w ith  o th e r n u c le i
c) w ith  unpa ired  sp in s  e.g. d is s o lv e d  oxygen
2) S p in - ro ta t io n  re la x a t io n  (T^ gR)
3) Chemical s h i f t  a n is o tro p y  (T^ csA)
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4) S ca la r re la x a t io n  (T^ gc)
Each o f  th e s e  c o n t r i b u t e  t o  p ro d u c e  an o v e r a l l  s p i n - l a t t i c e  
re la x a t io n  tim e
1/T1 = V T1 DD + ! / Tl  SR + 1/ T1 CSA + V T1 SC
The m a in  m echanism  o f r e la x a t io n  in  m ost cases  i s  v ia  th e  d ip o le -  
d ip o le  in t e r a c t io n  (Abraham and L o f tu s ,  1980) a lth o u g h  o th e r  
mechanisms c o n tr ib u te  , th e re fo re  i t  is  de sc rib e d  in  more d e ta i l .
DIFQLE-D1 POLE RH.AXATION
When th e  nucleus undergoing re la x a t io n  i s  d i r e c t ly  bonded to  a second 
nucleus possessing a m agnetic sp in , then th e re  i s  the p o s s ib i l t y  o f 
an e f f i c e n t  r e la x a t io n  m echanism . I f  th e  n u c le u s  i s  bonded
d i r e c t l y  to  a n u c le u s , th e  tw o s p in s  can be c o n s id e re d  as s m a ll 
d ip o le s  lo c a te d  a t  th e  c e n tre  o f th e  13c and 1H atom s. The 13C 
n u c le u s  w o u ld  e x p e r ie n c e  a s m a l l  f i e l d  due t o  th e  d i p o l a r  
in t e r a c t io n  w i t h  th e  p ro to n ,  depend ing  on th e  m a g n itu d e  o f th e  tw o  
d ip o le s  ( Me ar*d Mh r e s Pe c t i v e l y ) and th e  o r ie n t a t io n  ( $ ) o f 
t h e i r  l i n e  o f in t e r a c t io n  r e la t i v e  to  th e  m a g n e tic  f i e l d  o f  th e  
spec trom e te r (see F ig . 9 )
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F ig . 9 O r ie n ta t io n  o f the  d ip o la r  in te r a c t io n  r e la t iv e  to  the  
m agnetic f ie ld .
The m agnetic f ie ld ,  HDD, c rea ted  a t  th e  13C nucleus is  g iven  b y :-  
7h h
Hd d ---------------—  (3 c o s 2 e - 1 )   ( 3  )
4 7T r 3
7H *s m agnetogyric  r a t i o  o f H. 
h = Planks cons tan t, 
r  = d is ta n c e  between C and H.
As the m o lecu le  is  sp in n in g  in  the sample the  v a r ia t io n s  in  Q w i l l  
cause f lu c t u a t io n s  in  HDD. R e la x a t io n  can be in d u c e d  by any 
o s c i l la t in g  e le c t r ic  o r m agnetic f i e l d  w h ich  has a component a t  o r  
c lose to  the  Larmor frequency o f the  nucleus concerned. Consequently 
the o s c i l la t io n  in  HDD c o n s t itu te s  a r e la x a t io n  mechanism.
W e h r li (1974), has re p o rte d  on th e  p o te n t ia l o f measurements as an
aid to the assignemnt to the -^C NMR spectra. A mathematical formula 
was devised to show that the individual values are related to the 
distance of the carbon nucleus from the nearby protons, provided the 
1-3C nuclei of the molecule relaxed predominantly by the dipolar 
mechanism. The relaxation rate was reported to be inversely 
proportional to r6 where r is the distance between C and H atoms. 
The dipole-dipole contribution to relaxation falls off rapidly with 
distance. Protonated carbons are most effectively relaxed in this 
manner ( 1 / T ^  DD ^  no. of directly bound protons), but in their 
absence, as in quaternary carbons, the presence of f i and 7 
hydrogens will influence the T^ DD magnitude
« 0  7
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Hence, the magnitude of the T^ DD values of the quaternary carbons 
may be related to the count of nearby 0  and 7 protons and thereby 
aid assignments.
Since s p e c tra  o f TC and i t s  d e r iv a t iv e s  p re s e n t th e  p ro b le m  o f 
ass ign ing  numerous qua te rn a ry  carbon resonances, i t  is  c le a r  th a t  a 
s tudy  o f th e  r e la t i v e  Tj  ^ DD v a lu e s  o f  such m o le c u le s  s h o u ld  be o f 
v a lu e  i n  s p e c t r a l  a s s ig n m e n ts .  A b r i e f  a c c o u n t  o f  th e
measurements and a p p lic a t io n  o f T^ va lues  to  TC HC1 was describ ed  by 
A s i e son (1975). The au tho r used Dmso.d6 as the s o lv e n t and th e re fo re
had to  e s tim a te  the  va lues o f carbon atom s obscured by the  so lve n t 
m u lt ip le t .  In  the p resen t w ork th is  problem  was e lim in a te d  by the 
use o f w a te r as th e  so lven t in  c e r ta in  case a
B e fo re  c a r r y in g  o u t  T-j m easurem ents, i t  was n e ce ssa ry  to  o b ta in  
ev idence  i n  s u p p o r t  o f  th e  f a c t  t h a t  r e la x a t io n  was m a in ly  by th e  
d ip o le - d ip o le  in t e r a c t io n .  I f  t h i s  i s  the  case, th e  NOE f a c t o r  
s h o u ld  app roach  i t s  maximum v a lu e  o f 2.9 s in c e  t h i s  f a c t o r  depends 
e n t ir e ly  on such mechanism a
jjd = 1/T^ obs x ■ V A o  A  = observed NOE fa c to r
^  = maximum va lue  (2.9)
when then 1/T-, DD = 1 / ^  obs
MEASUREMENT OF THE NOE FACTOR ( A  )
In  p r in c ip le ,  a l l  th e  in d iv id u a l  jjqE enhancem ents  can be
determ ined s im u lta n e o u s ly  by com paring the  in te n s i t ie s  o f a com plete 
decoup led  (no m u l t ip le t s ,  NOE o p e ra te s )  and th e  c o r re s p o n d in g  
undecoup led ( m u l t ip le t s ,  no NOE o p e ra te s )  s p e c tru m  ( M a r t in  and 
M a r t in ,  1980). But t h i s  le a d s  to  e r r o r  i n  c a lc u la t io n  due to  
ove rlapp ing  m u lt ip le ts  and base l in e  a d ju s tm e n ta  F o r tu n a te ly  i t  i s
poss ib le  to  o b ta in  a spectrum, us ing  gated decoup ling  mode, which i s
devoid of the NOE effects yet is free from multiplets (Freeman et al. 1972)
The pe riod  between th e  pu lses should be s u f f ic e n t ly  long  to  a llo w  the  
nucleus to  re tu rn  to  therm al e q u il ib r iu m  and the disappearence o f the 
NOE e f fe c t .  The normal de lay (SxT-jj may no t be lo n g  enough, hence a 
delay o f 8-10xT;l was chosen.
EXPERIMENTAL
OTC HC1 was chosen as th e  b e s t compound due to  h ig h  s o l u b i l i t y  in  
Dmso.dg (approxim ate c o n c e n tra tio n  100mg/0.5m l).
A f te r  much t r i a l  and e r ro r  and u s in g  v a r io u s  i r r a d ia t io n  modes e.g. 
complete noise decoupled, no p ro to n  i r r a d ia t io n  and gated decoup ling  
w i th  30° p u ls e  and 1.2s p u ls e  d e la y ,  th e  f o l l o w in g  tw o  i r r a d i a t i o n  
modes were chosen (number o f scans accum ulated = 1500).
a) Gated decoup ling  (NNE), 90° pu lse  w ith  50s pu lse  de lay
b) Complete decoupled spectrum  (COM), 90° p u lse  w i th  50s pu lse de lay
The re s u lts  a re  shown in  Spectrum 9 and Tab le  11 E x c e lle n t s ig n a l 
to  n o is e  (S /N ) r a t i o s  w e re  a c h ie v e d , as shown. A v a lu e  o f NOE 
enhancement (**\ ) was c a lc u la te d  to  be 3.18 (n e g le c t in g  resonances 2 , 
10, 1 6 ,and 17 w i t h  NOE f a c t o r s  o f  7 , 5 .6 , 6.5 and 6.5 r e s p e c t iv e ly ) .  
S ig n fle a n t broadening observed fo r  resonance l in e s  o r ig in a t in g  from  
carbons w ith  a -hydrogens is  persumed to  be a consequence o f ra p id  
r e la x a t i o n  ( W e h r l i ,  1 9 7 4 ) .  The h e ig h t  m easurem ents  used in  
c a lc u la t in g  the  NOE enhancement fa c to r ,  a re  l i s t e d  in  Tab le H *
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spectrum 9. 13c NMR spectra of OTC HCl in Dmso.d6/TMS to measure the MOE enhancement 
factor (*1 ). Peak intensity measurements are in mm
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T ab le  11 . Peak h e ig h t  m easurem ents (mm) used to  c a lc u la te  th e  NOE 
enhancement fa c to r  using (a) NNE w ith  90° p u lse , 50s pu lse  de lay and 
1500 scans ; (b ) COM w i t h  90°  p u ls e , 50s p u ls e  d e la y  and 1500 scans. 
The so lven t used is  D m s o .d g /T M S .
Peak no. NNE COM NOE
( see spectrum  9 ) (a) (b ) enhan<
1 11 35 3.18
2 3 21 7 .0
3 6 35 5 .83
4 10 35 3 .5
5 10 30 3.0
6 9 26 2.89
7 10 24 2 .4
8 10 14 1.4
9 3 12 4 .0
10 3 10 3 .33
11 10 32 3.2
12 10 33 3 .3
13 10 24 2.4
14 6 25 4.16
15 6 28 4.67
16 2 13 6.5
17 2 13 6.5
18 2 18 9.0
21 2 10 5.0
CONCLUSIONS
The re s u lts  ob ta in e d  in  th e  above experim ent j u s t i f y  the  assum ption 
th a t re la x a t io n  o f the te t ra c y c l in e s  n u c le i is  p redom inan tly  v ia  
d ip o le -d ip o le  in te ra c t io n s .
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MEASUREMENT OF T H E  T1 RELAXATIO N T IM E S  
IN TRO DUC TIO N
The T-^ measurement programme was carried out on TC HC1 and other 
members of the tetracycline family. The solvents used were 
1) Dm s o .d g /T  MS or 2)H20 with D20 capillary. There are two common 
methods for determining the spin-lattice relaxation times:
1) Inversion recovery method
2) Progressive saturation technique
In the present study only the first method was employed. The
sequence of pulses and pulse delays is as shown in Fig. 10.
meter.
180° pulse  ►  pulse delay  I^ O 0 pulse --- ►5xT1
t  1
Fig. 10 Sequence of pulses and pulse delays for the inversion 
recovery method.
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I n i t i a l l y  a 180° pulse i s  a p p lie d  to  in v e r t  the m a g n e tisa tio n  to  the  
z -a x is . The m a g n e tis a tio n  v e c to r, ^  equals -M ^  ^  begins to  r e la x
back to  i t s  o r ig i n a l  p o s i t io n  Mz v ia  th e  z - a x is .  But s in c e  th e  
s p e c tro m e te rs  can no t d e te c t  any s ig n a l a lo n g  th e  z - a x is ,  a f t e r  a 
s u i ta b le  d e la y , a 9 0 °  pu lse  i s  a p p lie d  w h ic h  f l i p s  th e  re m a in in g  
m a g n e t is a t io n  v e c to r  to  th e  y - a x is .  T h is  i s  re c o rd e d  by the  
s p e c tro m e te r . T  ^ v a lu e s  a re  c a lc u la te d  by th e  com pu te r u s in g  th e  
m athem atica l r e la t io n s h ip :
I n  (Mz -  Mz ) = - I n  (2 Mz ) -  < /T  1  ( 4 )
A p lo t  o f  I n  (Mz -  Mz ) a g a in s t  w i l l  g iv e  a s t r a ig h t  l i n e  w i t h  a 
g ra d ia n t o f -1 /T .j.  A rough e s tim a te  o f the T  ^ va lue i s  p o s s ib le  from  
the T<j spectrum  when Mz=0,
A s in g le  pulse i s  r a re ly  s u f f ic e n t  to  d e tec t th e  s ig n a ls  a t  n a tu ra l 
abundance and so the  c y c le  m ust be re p e a te d . In  p r a c t ic e ,  s e v e ra l 
hundred scans a re  necessary, depending on the  m o le c u la r w e ig h t and 
s o lu b i l i t y  o f the  m olecu le.
RESULTS AND DISCUSSION
The T.j s p e c tra l r e s u lts  f o r  the te ra c y c lin e s  a re  now discussed. Some 
o f these assignm ents are  a lso d iscussed i n  the genera l assignm ents 
o f the 13C chem ica l s h i f t s  (see la te r ) .
TETRACYCLINE HYDROCHLORIDE (TC HC1)
Pulse d e la y s : 10, 5 .5 , 3 , 1 .8 , 1 .0 , .5 , .25 , .1 5 , .1 0 , .0 7 , .05 secs. 
S o lv e n ts :
1) Dmso.dg/TMS
A to ta l o f 18 resonances were re so lve d , two were obscured by the  
so lven t m u l t ip le t  and two resonances (C^ and Cg) were ove rlapp ing ,
2) I^ O /^ O  c a p i l la r y
T h is  was a much b e t te r  s o lv e n t  m a in ly  due to  th e  absence o f  any 
s o lv e n t  m u t ip le t .  20 s ig n a ls  a re  c le a r l y  o b s e rv e d  w i t h  tw o  
resona nces  i n  th e  e x tre m e  d o w n f ie ld  re g io n  (193.8 ppm) ove rla p p in g . 
The T<j v a lu e s  m easured in  bo th  s o lv e n ts  a re  l i s t e d  i n  T a b le  
a long w ith  the p ro ton  environm ent o f  in d iv id u a l carbons and th e  two 
spectra  are shown in  Spectrum 10 and 11.
A lthough the  a c tu a l T^  va lues d i f f e r  f o r  co rrespond ing  carbons, w ith  
r e s u l t s  i n  Dmso.dg b e in g  s ig n i f i c a n t l y  lo w e r  th a n  th o s e  i n  H2 0» 
r e la t i v e  ra n k in g s  a re , on a ve ra g e , th e  same. The d i f f e r e n c e  i s  
assumed to  be due to  the  g r e a te r  v is c o s i t y  o f Dmso.dg (Levy  e t.  a l.  









Spectrum io« Spin-lattice relaxation spectrum of TC HC1 in Dmso.d^/TMS
o
CO




x^uJL . I S
t - t
L u J .
•j*— +-— *--f *-p * ■— j--- i~—  1 r-p-— f-— — y-L- — L -
I I 
p r-r




.. . . - ]_L  J J  _ . L . 1 1 1 . _ _ _ j JL. i i u J
. . . J . 1 J . . . il, J J[1. jU J L  i -t - - _ 5 . S
. . 1 1  1 1 . . 1 j u l L . . . . * ;}0.0
Spectrum n, Spin-lattice relaxation spectrum of TC HC1 in H^O/D^O capillary
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experience v a r ia t io n s  in  th e  lo c a l m agn e tisa tio n  f ie ld .  As soon as
t
th e  re s o n a n t c o n d i t io n  i s  re a c h e d  e x c i t a t i o n  and s u b s e q u e n t 
r e la x a t io n  f o l lo w s .  But in  a le s s  v is c o u s  s o lv e n t ,  th e  m o le c u le s  
are sp in n in g  a t  a much fa s te r  ra te  and hence take lo n g e r to  re la x .
JUSTIFICATION OF ASSIGNMENTS
As d is c u s s e d  e a r l i e r ,  th e  p resen ce  o f a  -h y d ro g e n s  has a d ra m a t ic  
e f f e c t  on th e  r e la x a t io n  t im e s  o f a p a r t i c u la r  ca rb o n  i .e .  a ca rb o n  
w i th  a  -h y d ro g e n  w i l l  r e la x  f a s t e r  th a n  one w i th o u t  th e  a - 
hydrogen . In  th e  absence o f a  h y d ro g e n s ,/?  and y p ro to n s  a ls o  
a f fe c t  th e  re la x a t io n  process.
a) Oq carbons
c6 , c4 ancl c l2 a  ( 38) have re so n a n ce s  a t  7 0 .4 , 7 0.7 and 74.4 ppm ( i n  
Dmso.dg). Assignm ent o f the C12a (lo n 9e s t  Ti  va lue  the group) is  
supported by the  fa c t  th a t  i t  has o n ly  tw o (3 -hydrogens whereas Cg 
has f i v e .  The d i f f e r e n c e  i s  le s s  p ronounced  in  H2° r b u t th e  lo w e s t  
f i e l d  resonance  s t i l l  has th e  lo n g e s t  T^ v a lu e . The 70.7 ppm 
resonance  is  c le a r l y  due to  C4 ( T ^  0.21 s ) due to  th e  p resen ce  o f  
one a -hydrogen.
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TC HC1 T1 T1 Assignment Hydrogen environm ent
p p m Dm so.dg h2o a 0 7 <5
193.4 2.27 3.03 11 - - 1 6
192.9 2.20 3.03 1 - - 2 7
187.2 1.4 8 2.63 3 - 2 1 10
175.0 130 2.35 12 - 1 3 3
17 2.1 0.87 1.85 conh2 - 2 1 1
161.3 1.27 2.17 10 - 2 1 1
147.9 2.17 3.20 6a - 1 6 4
136.5 0.09 0.14 8 1 2 - 1
116.9 0.09 0.17 7 1 1 1 5
115.2 0.09 0.15 9 1 1 2 -
114.4 3.9 4.5 8 10a - - 3 6
106.8 2.09 2.97 11a - 1 3 6
95.7 2.83 3.77 2 - - 4 2
73.1 1.54 2.39 12 a - 2 4 1
67.9 ------ 0.21 4 1 1 9 2
67.9 1.06 2.22 6 - 5 3 2
42 .0 0.87 2.53 5a 1 2 5 3
42 .0 ------ 0.60 NMe2 6 - 1 2
35.3 ------ 0.13 4a 1 3 2 8
26.9 ------ 0 . 1 6 5 2 2 1 5
22.5 0.12 0.20 C g-m ethyl 3 - 2 3
Table. 12 re la x a t io n  tim e s  o f TC HC1 in  Dmso.dg and 1^0 along w i th  
t h e i r  assignm ents and th e  p ro ton  environm ent.
LOW-FIELD RESONANCES
The tw o  lo w e s t f i e l d  resonances (both near 193 ppm in  Draso.dg) and assigned 
to  and c l f  have v e ry  s im i la r  v a lu e s . B u t th e  C3 resona nce  
(187.2 ppm) p o sse sses  a much lo w e r  v a lu e  due to  th e  tw o  /J -  
hydrogens (Table 12 ). The C12 and CONH2 resonances a lso  c o r re la te
th e  o b se rve d  T^ v a lu e s  w i t h  th e  p ro to n  e n v iro n m e n t as do th o s e  o f
c10'  c 6a* c 10a» c l l a *  c2 an<* c12a*
PROTONATED CARBONS
c7r c8 an<* c9 resona nces  a re  obse rve d  a t  118 .7 , 13 8.5 and 116.8 ppm 
re s p e c t iv e ly .  These th ree  carbons have ve ry  s h o rt va lues  (o f the  
o rd e r  0.09 s i n  Dmso.dg and 1.5 s in  H20) due to  th e  p resen ce  o f 
Of -hydrogens.
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A l l  h igh  f i e l d  s ig n a ls  ( < 70 ppm), due to  th e  p ro to n a te d  ca rbon s , 
have T«j va lues  le s s  than 0.3 s, excep t f o r  one s ig n a l w i th in  the 
s o lv e n t band w h ic h  i s  m ost p ro b a b ly  due to  th e  NMe2 * The NMe2 
ca rbons  may r e la x  by a s p in - r o t a t io n  m echanism  s in c e , i n  th e  
p r e fe r r e d  s te re o c h e m ic a l c o n f ig u r a t io n ,  the  NMe2 is  not re s tra in e d  
w i th in  the te t ra c y c l in e  ske le ton . As t h is  process i s  le s s  e f f ic e n t  
th a n  d ip o le - d ip o le  r e la x a t io n  (Abraham and L o f  tu s , 1 980), la rg e  
v a lu e s  a re  to  be e xp e c te d . S p in - r o ta t io n  c o n t r ib u t io n  to  th e  
re la x a tio n  o f Og-CH^ is  to  a much le s s e r  e x te n t as judged by i t s  low  
T.j value. Th is  may be due to  the f a c t  th a t CH^  i s  i n  a more h indered  
s ta te  than th e  NMe2 carbons and i s  hence le s s  f r e e  to  sp in  about the  
Cg bond.
OUTETRACTGLINE HYDROCHLORIDE (OTC HGL)
Pu lse d e la y : 10, 7 .8 , 5 .8 , 2 .8 , 1 .8 , 1.0, .75 , .3» *1, .05* .03 secs. 
S o lven ts :
H2O/D2O c a p i l la r y  (Spectrum 12 )
The T.j v a lu e s  a re  l i s t e d  i n  T a b le  13 w i t h  p ro to n  e n v iro n m e n t o f  
each carbon.
The C g -m e th y l o f OTC HC1 i s  even  m ore h in d e re d  th a n  t h a t  o f  TC HC1, 
hence the s p in - r o ta  t io n  c o n t r i  b u t io n  i  s e x p e c te d  to  be even lo w e r .  
T h is  c o r r e la te s  w i th  a v e ry  s h o r t  T^ v a lu e  (0.06 s )  in d ic a t in g  t h a t  
i t s  m a in  m e ch a n ism  o f  r e l a x a t i o n  i s  v ia  th e  d i  p o l e - d i  p o l e 
in te ra c t io n .
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Assignment P roton environm ent
a  (3 y  8
193.7 2.4 0 11 - - 1 5
192.9 1.97 1 - - 2 6
187.1 1.32 3 - 2 1 9
173.5 1.55 12 - 1 3 2
171.9 1.01 conh2 - 2 1 1
161.2 1.2 9 10 - 2 1 1
14 8.7 2.3 2 6a - 1 6 3
136.6 0.09 8 1 2 1
118.9 0.08 7 1 1 1 5
114.9 0.09 9 1 1 2
114.4 3.07 10a - - 3 6
105.3 1.82 11a - 1 2 7
95.4 2.54 2 - - 4 2
72.5 1.44 12 a - 2 3 2
64.9 0.09 4 1 1 8 3
68.9 1.02 6 1 1 8 3
63.2 0.07 5 1 3 1 5
49.8 0.09 5a 1 1 6 3
41.8 0.33 NMe2 6 - 1 1
42*0 0.10 4a 1 2 3 8
24.6 0.06 C g-m ethyl 3 - 2 2
Table 13.T^ re la x a t io n  tim es o f  OTC HC1 in  D^O a long w ith  t h e i r  
assignments and the  p ro to n  environm ents.
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A ll the o the r ra n k in g s  a re  i n  accordance w ith  the  assignm ents o f OTC 
HC1.
DOXTCYCLINE HYCLATE
Pulse d e la y s : 10, 7 .8 , 5 .8 , 2 .8 , 1 .0 , .7 5 , .3 , .1 , .0 5 , .03 secs 
S o lven t: Dmsadg/TMS
values a re  l i s t e d  i n  Tab le  14 .
Since two peaks in  th e  u p f ie ld  re g io n  belong to  e th a n o l, they should 
be a ss ig n e d  beyond any doub t. Due to  the  s m a ll s iz e  o f th e  e th a n o l 
m o le c u le , i t  w o u ld  be s p in n in g  a t  a much f a s t e r  r a te  th a n  th e  much 
b u lk ie r  t e t r a c y c l in e  s k e le to n ,  hence much lo n g e r  T  ^ v a lu e s  a re  
e xp e c te d  f o r  th e  tw o  e th a n o l peaks. The tw o  peaks a t  56.0 and 18.4 
ppm show ve ry  la rg e  T-j va lues  (o f the o rd e r 3.5 s).
C.|q and Cga now have c o m p -ra b le  T^ v a lu e s  (0.93 and 1.0 s) u n l ik e  
the  same ca rbon s  i n  TC HC1. In  d o x y c y c l in e ,  Cga now has one e x t r a  /3 
-h y d ro g e n , hence b o th  Cga and C^q have s im i l a r  p ro to n  
e n v iro n m e n t (39 ).
doxycyc line (s ) Assignment
193 .6 1.60 11
192 .6 1.53 1
187.4 1.06 3
17 3.5 1.02 12
171.8 0.58 conh2
161.2 0.93 10
147 .8 1.00 6a
136.7 0.05 8
115.9 - 0.02 7
115.6 0.02 9
115.5 2 .22 10a






42 .0 0.05 6
42 .0 0.06 NMe2
42 .0 0 .0 7 4 a
15.0 0.07 C6-Me
Table 14 T relaxation times of doxycycline in Dmso.d /TMS with 1 b





The r e s t  o f  th e  d a ta  c o rre s p o n d  w i t h  th e  p ro to n  e n v iro n m e n ts  o f  
in d iv id u a l ca rbons .






The norm a l range o f c h e m ic a l s h i f t s  i s  0 -200  ppm, so t h a t  th e  
sp read  o f c h e m ic a l s h i f t s  i s  a b o u t tw e n ty  t im e s  th a t  o f  p ro to n s . 
Reasons fo r  t h is  a re  complex, but a re  considered to  be c h ie f ly  due 
to  the fa c t  th a t param agnetic s h ie ld in g  e f fe c ts  are dom inant i n  
nuc lear s h ie ld in g  ra th e r  than th e  d iam agne tic  as in   ^H NMR 
(S to th e rs ,  1972). I t  i s  a p p ro p r ia te ,  a t  t h is  p o in t ,  t o  in c lu d e  a 
b r ie f  d isc u s s io n  o f the th e o re t ic a l aspects o f  ^3C-NMR.
C o ns id e r the  s e le c t r o n s  i n  a m o le c u le . These e le c t r o n s  a re  
s p h e r ic a lly  sym m etrica l and c ir c u la te  i n  th e  a p p lie d  m agne tic  f ie ld .  
S ince  a c i r c u l a t i n g  e le c t r o n  i s  an  e l e c t r i c  c u r r e n t ,  i t  p rodu ces  a 
m agnetic f i e l d  a t  the  nucleus w h ich  opposes th e  e x te rn a l f ie ld .  Thus
a p p lie d  
magne t i c  
f i e l d
y  g
in  o rder to  o b ta in  th e  resonant c o n d it io n s  ( v = —----- ) (where
2 7T
7  = m agnetogyric  r a t io ,  B = a p p lie d  m agnetic  f i e l d ,  v -  frequency
e
118
o f r a d ia t io n ) ,  i t  i s  n e ce ssa ry  to  in c re a s e  th e  e x te r n a l f i e l d  o v e r 
t h a t  f o r  th e  is o la te d  n u c le u s . I f  Be x t  i s  the  a p p lie d  f i e l d  and BQ 
i s  th e  f i e l d  a t  th e  n u c le u s , th e  th e  n u c le a r  s h ie ld in g  ( A b ) i s  
given b y :-
A B  “  Be x t  -  Bo ...................................<5 )
This u p f ie ld  s h i f t  of the nuc leus is  c a lle d  a d iam a gne tic  s h i f t ,  and 
s in c e  e v e ry  m o le c u le  has s e le c t r o n s  t h i s  phenomenon (know n as 
diam agnetism ) makes a u n iv e rs a l c o n tr ib u t io n .
For e le c t r o n s  in  p - o r b i t a l s  and a l l  o th e r  n o n -s p h e r ic a l o r b i t a l s ,  
the re  is  no s p h e ric a l symmetry. E le c tro n s  in  these o r b i t a ls  produce 
la rg e  m a g n e tic  f i e l d s  a t  th e  n u c le u s , w h ic h  when a ve ra g e d  o v e r  th e  
m o le cu la r m otions g ive  a low  f i e l d  s h i f t  w h ich  augments the a p p lie d  
f ie ld .  T h is  d e s h ie ld in g  is  c a lle d  th e  param agnetic  s h i f t .  The p ro to n  
(*H) is  a s p e c ia l case, as i t  i s  the on ly  m olecu le  w ith  no p -e le c tro n s  
and th e r e fo r e  th e re  i s  no p a ra m a g n e tic  te rm  fro m  i t s  own v a le n c y  
e le c t r o n s .  T h is  i s  th e  fu n d a m e n ta l re a s o n  f o r  the  s m a ll range o f  
p ro ton  chem ica l s h i f t s  (0-10 ppm) when compared w ith  a l l  o th e r n u c le i 
which have p -e le c tro n s  and s h i f t  ranges o f 0-200 ppm o r more.
Furtherm ore, the  e f fe c t  o f s u b s titu e n ts  on s h i f t s  i s  no t c o n fin e d  
to  the  n e a re s t  a tom , as i s  e s s e n t ia l l y  th e  case f o r  p ro to n  s h i f t s ,  
b u t th e  e f f e c t s  o f  s u b s t i tu e n ts  tw o , th re e  and fo u r  bonds fro m  a 
p a r t ic u la r  carbon must a lso  be considered. In  gene ra l, the screen ing  
c o n s ta n t ( Zp ) ,  as in
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Bi = B0 (1- b  ) .............. ( 6 )
B^= m agnetic f i e l d  re q u ire d  f o r  resonance 
B0= a pp lied  f i e l d
is  considered to  be a summation o f th re e  components.
&  = & d  + & p  + ^  i    ^ 7 )
'(?£ - d iam agnetic  te rm ; - param agnetic  te rm ;
<£>  ^ = ne ighbouring  atom term .
Because spec tra  d is p la y  resonances over a w ide ppm range, a lm ost
a l l  ca rbon s  o f a m o le c u le  th a t  d i f f e r  in  e n v iro n m e n t a re  l i k e l y  to  
g iv e  r is e  to  un ique  and m u tu a l ly  r e s o lv a b le  s ig n a ls .  T h is  i s  
g e n e ra lly  the case when the spec tra  are  recorded a t  22.5 and 25 MHz. 
Even g re a te r  r e s o lu t io n  i s  a c h ie v e d  when supe r c o o le d  m agnets a re  
employed which a llo w  o p e ra tio n s  a t  67 .8 a n d  100 MHz.
SENSITIVITY PROBLEM
One o f the  main l im i t a t io n s  o f NMR spectroscopy is  i t s  in h e re n t la c k  
o f s e n s i t iv i t y  r e la t iv e  to  o th e r im p o rta n t sp e c tro sco p ic  techn iques 
such as e le c tro n ic  (UV/VIS) and v ib r a t io n a l (IR ) spectroscopy. T h is  
is  due to  the sm a ll magnitude o f the energy changes in v o lv e d  in  NMR 
t ra n s it io n s .
The s e n s i t i v i t y  p rob lem  becomes im p o r ta n t  when we c o n s id e r  th e
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spectra  of n u c le i o the r than p ro ton  eg. ^3C. The m ain reason ing  fo r  
th is  is  two fo ld
1) The n a tu ra l abundance of the  ^ 3C iso to p e  is  o n ly  1.1%
2) The m a g n e to g y r ic  r a t i o  ( y ) o f  ^ 3C n u c le u s  i s  o n ly  a b o u t one
q u a rte r th a t o f 1h nucleus.
Since the  s e n s i t iv i t y  o f a nucleus in  a m agnetic  resonance experim ent 
a t constan t f i e l d  is  p ro p o r t io n a l to  ( y 3), a ^ 3C nucleus g ive s  r is e  
to  l / 6 4 t h  th e  s ig n a l t h a t  a p ro to n  w o u ld  y ie ld .  Hence, ta k in g  
n a tu ra l abundance in t o  a c c o u n t, a ^ 3C NMR e x p e r im e n t i s  a b o u t 6000 
tim es  le s s  s e n s it iv e  than one in v o lv in g  p ro tons .
One o f the  s im p le s t  ways o f o v e rc o m in g  such p ro b le m s  i s  t o  re c o rd  
severa l spec tra  from  a sample and then  s im p ly  add then  to g e th e r. The 
NMR s ig n a ls  w i l l  add c o h e re n tly , whereas the no ise , being random, w i l l  
o n ly  add as th e  squa re  r o o t  o f th e  number o f s p e c tra  a c c u m u la te d . 
T h is  le a d s  to  an o v e r a l l  im p ro ve m e n t in  s ig n a l to  n o is e  r a t i o  (S /N ),
P r io r  to  1960s, * 3C NMR c o u ld  o n ly  be o b ta in e d  by c o n v e n t io n a l
frequency or f i e l d  sweep NMR (a ls o  known as con tinuous wave) in  w h ich  
o n ly  one f re q u e n c y  i s  b e in g  o b s e rv e d  a t  any g iv e n  i n s t a n t .  
E xperim enta l advances over the la s t  10-20 years have le d  to  the  pu lsed 
NMR te c h n iq u e s , in  w h ic h  a l l  th e  ^ 3C n u c le i  i n  a sam ple a re  e x c i te d  
s im u lta n e o u s ly  by th e  a p p l ic a t io n  o f a s h o r t  r a d io  fre q u e n c y  ( r f )
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pulse of high power. The respose of a sample to this excitation is 
absorption of individual frequency components by each nucleus. These 
frequencies are detected by the receiver to yield a pattern called the 
free induction decay (FID). The FID corresponding to absorption of 
one frequency is an exponentially decaying sine wave.
Since the FID is a measurement of intensity as a function of time, it 
is often referred to as the time domain signal, whereas, the 
corresponing CW measurement provide a frequency domain signal. It is 
possible to inter-convert data between the time and frequency domains 
by means of a mathematical process known as Fourier transformation 
(FT). Since the time taken for a single experiment is very short 
(approximately 2s allowing for the pulse itself, acquisition time and 
pulse delay) many scans may be made over relatively short period of 
time and the data time averaged to provide the satisfactory S/N 
ratios in the final spectrum.
The normal ^C-NMR spectrum is generally recorded in the proton 
decoupled mode (COM). This has the effect of simultaneously 
decoupling all the protons in the molecule. Hence, all carbons 
except the equivalent ones, show up as single resonances. Apart from 
the increase in S/N ratio that results from the collapse of the 
multiplet structure, proton noise decoupling gives rise to an 
additional Increase in intensity due to the Nuclear Overhauser Effect 
(NOE), which in some cases produces an almost three fold increase in 
intensity. Although proton noise decoupling produces a considerable
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s im p l i f ic a t io n  i n  th e  appearance o f sp ec tra , i t  a lso  removes a l l  
the c o u p lin g  in fo r m a t io n  so th a t  d e s p ite  t h e i r  s t r a ig h t fo r w a r d  
appearance, f u l l y  decoupled sp e c tra  may be d i f f i c u l t  to  assign. Th is  
i s  overcome by use o f the o ff-resonan ce  (OFR) mode, i n  w h ich on ly  the 
J qH c o u p lin g s  (H a tta c h e d  d i r e c t l y  to  C) a re  a l lo w e d  (and th e s e  i n  
re d u ce d  m a g n itu d e ). H ence , p r im a r y  c a rb o n s  ( b e a r in g  th r e e  
h yd ro g e n s ) w i l l  appear as q u a r te ts ,  secondary  ca rbon s  as t r i p l e t s ,  
t e r t ia r y  carbons as d o u b le ts  and q ua te rna ry  carbons as s in g le ts  thus 
p e rm it t in g  im m ed ia te  c la s s i f ic a t io n  in to  each o f these fo u r  types.
M ost o f th e  NOE o b ta in e d  i n  the  p ro to n  n o is e  de co u p le d  sp e c tru m  i s  
a ls o  r e ta in e d  i n  th e  OFR sp e c tru m . A d i f f e r e n t  e x p e r im e n ta l 
te c h n iq u e , I n s e n s i t i v e  N u c le i Enhanced by P o la r iz a t io n  T ra n s fe r  
(INEPT) was in tro d u c e d  i n  1983 (M o rr is  and Freeman, 1983). W ith t h is  
programme the  resonances are not s p l i t  in to  m u lt i  p i e ts , in s te a d  in  
one mode th e  CH and CH^ a re  p o s i t i v e  and CH2 a re  n e g a t iv e  peaks, 
whereas i n  ano the r mode on ly  CH peaks are observed (as shown below). 







Further information about COM, OFR and NOE may be obtained from
1 0  5X  K/ •
p u b lis h e d  l i t e r a t u r e  (Abraham and L o f tu s ,  1980 ). In  c e r t a in  cases 
th e  s p e c t r a l  a s s ig n m e n ts  o f t h i s  t h e s is  have been c o r ro b o ra te d  by 
c o n s id e ra tio n  o f s p in - la t t ic e  re la x a t io n  t im e s  (T^) (see page 88 )#
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Q uaternary carbons w ith o u t oxygen
T e tra c y c lin e  base
Chi or te t r a c y c l in e  h yd ro c h lo rid e
6-dem ethyl ch i or te t r a c y c l in e  HC1
M inocyc lin e
O x y te tra c y c lin e  HC1
M e th acyd ine
Mecl ocy c l ine
6-deoxy oxy te t r a c y c l in e  and i t s  6 -e p i isom er
S e m i-s y n th e tic  te t ra c y c l in e s ,  lym e c y c lin e , r o l i t e t r a c y c l in e
12 3
ANALYSIS OF 13C NMR SPECTRA OF TETRACYCLINE HYDROCHLORIDE AND ITS 
ANALOGUES 
AIM AND APPROACH
A d e ta ile d  study o f the assignm ents o f the ^3C NMR spectrum o f TC HC1 
w i l l  be g iven, th is  d e r iv a t iv e  being regarded as the paren t member o f 
the group. Spectra o f analogues w i l l  then be examined and assigned 
on the bas is  o f s im i la r i t ie s  to  and d if fe re n c e s  from  the parent 
s tru c tu re .
Although some NMR s tu d ie s  based on ^3C have been re p o rte d  (W ittenau , 
1964; Mazzola e t  a l.  1980 ), the most comprehensive re p o r t  was th a t  
o f  A s leson  and F ra n k  (1975) c o v e r in g  t e t r a c y c l in e  and some o f i t s  
d e r iv a tiv e s ^  The aim of the presen t w ork i s  to  ana lyse  the s p e c tra l 
fe a tu re s  o f  the te t r a c y c l in e  group o f a n t ib io t ic s  in c o rp o ra t in g  th e  
o r ig in a l argum ents o f Asleson and Frank (1975). Degradation p roducts  
and s e m i-s y n th e tic  te t ra c y c l in e s  e.g ly m e c y c lin e  and r o l i t e t r a c y c l in e  
w i l l  a lso  be s tud ied . Some of the s p e c tra l assignm ents are supported 
by re la x a t io n  t im e  (T^) measurements w h ich are  more f u l l y  d iscussed 
on page 102.
To a s s is t  i n  assignm ent o f  the te tra c y c l in e s ,  use i s  made o f models o r 
standard compounds. The assignm ent o f these models i s  d iscussed i n  
chap ter 5 .
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OH O OH O
(3 ) TC HC1
There is  a t o ta l  o f 22 carbon atoms in  th e  TC HCL m olecu le  (3 ), but 
the two m ethyl carbons a ttached  to  the n itro g e n  are c h e m ic a lly  and 
m a g n e t ic a l ly  e q u iv a le n t ,  and th e r e fo r e  p roduce  o n ly  one s ig n a l .
Hence a t o ta l  o f  21 s ig n a ls  are expected p rov ided
1) a l l  d i f f e r e n t  carbons g iv e  d is t in c t  resonances
2) th e re  i s  minimum or no o ve rla p p in g  between the s ig n a ls .
The c h e m ic a l s h i f t s  f o r  TC HC1 a re  p re s e n te d  i n  T a b le  15 , and th e  
com p le te ly  decoupled sp e c tra  run  in  Dmso.dg/TMS and D2O is  shown in  
Spectrum 13 .
Resonances due to  19 o f the  21 d i f f e r e n t  typ e s  o f  carbon a re  apparent 
in  th e  13c jjmr sp e c tru m  ru n  in  Dmso.dg. I n  th e  same sp e c tru m  tw o  
resonances o v e r la p  a t  67.9 ppm w h ich are re s o lv e d  in  th e  spectrum run 
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Spectrum 13 . Proton noise decoupled spectrum ( ^ C  NMR) of TC HC1 in (a) Dmso.d, and (b) H O  . The
b Z
assignments given apply to both spectra. The broad nature and relatively low intensities of resonances 
C , C , C C and C_ (due to protonated carbons) in spectrum (a) should be noted, as should the fact that
O / y ; Td J
disparities in signal intensities of resonances C through C are much smaller in spectrum (b). The
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Table 15 1:*c chem ica l s h i f t s  and s p in  l a t t i c e  re la x a t io n  t im e s  (T^)
o f TC HC1 in  (a) Dmso.dg, (b) D20. (TMS = 0 ppm)
U nderl ined resonances a re  obscured by s o lve n t m u lt ip le ts  
TC HC1 (ppm) Tx (s)
P o s it io n (a) (b) (a) (b)
1 192 .9 193 .8 2.20 3.03
2 95 .7 97 .5 2 .83 3.77
3 187 .2 187 .2 1.48 2.63
4 67 .9 7 0.4 1.54 0.21
4 a 35.3 35 .4 ------ 0.13
5 26 .9 26 .9 ------ 0.13
5a 42 .0 42 .3 0.87 2.53
6 67 .9 70.7 1.06 2.22
6a 147.9 146.9 2 .17 3.20
7 116 .9 118.7 0.09 0.17
8 136.5 138.5 0.09 0.14
9 115.2 116 .8 0.09 0.15
10 161.3 162.0 1.27 2.17
10a 114.4 114.9 3 .90 4.58
11 193 .4 193.8 2 .27 3.03
11a 106 .8 107 .1 2.09 2 .97
12 175.0 174 .1 1.30 2.35
12a 73.1 74.4 2.83 2.39
conh2 172.1 173.5 0.87 1.85
C4-NMe 42 .0 43 .3 ------ 0.16
VMe 22 .5 22 .3 0.12 0.20
The 21 resona nces  o f  TC HC1 may be s u b d iv id e d  in t o  th e  f o l l o w in g
g roup s :-
S in g le t s  C - l  ,2 ,3 ,6 ,6 a, 10 ,10a, 11,113,12,12a, CONH2 = 12
D oublets C-4,4a,5a 3
C-7,8,9 3
T r ip le ts  C-5 1
Q uarte ts  NMe2, Cg-Me 2
T o ta l = 21
The assignm ent o f these groups is  now d iscussed.
QUARTETS
Two q u a r te t s  a re  e xp e c te d  due to  C g -m e th y l and C4-NMe2 . One o f f -  
resonance q u a r te t  was observed a t  22.5 ppm, w h ile  the second m u lt ip -  
l e t  was o b s c u re d  by th e  s o lv e n t  re so n a n ce s . The a s s ig n m e n t o f  th e  
22.5 ppm resonance to  Cg-m ethyl and the lo w e r  f i e l d  s ig n a l (42 ppm) 
to  C4-NMe2 is  j u s t i f i e d  on th e  grounds o f g re a te r  e le c t r o n e g a t iv i ty  
o f n itro g e n  compared w ith  carbon and a lso  con firm ed  by the chem ica l 
s h i f t  data  o f the  re fe re n ce  compounds shown below .




( Roberts et al. 1970)
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TRIPLETS
O nly one I s  e x p e c te d  due to  C^. Thus th e  t r i p l e t  o b se rve d  i n  th e  
o f f- re s o n a n c e  spec trum  a t  26.9 ppm m ust be due to  th e  C5 ca rbon . 
T h is  assignm ent i s  con firm ed  by re fe rence  to  the  chem ica l s h i f t  data 
of the  model compounds ( 4 5  ).
2 6 . 2
3 0 .9  2 3 .1
Me
OH
( 45 ) ( S to th e rs ,  1972)
DOUBLETS (LOWFIHJ))
A l l  resonances due to  p ro tona ted  carbons a re  broad and o f low  in te n ­
s i t y  compared w i th  m ost q u a te rna ry  carbons s ig n a ls , a f a c t  a t t r ib u te d  
to  the  ve ry  fa s t  r e la x a t io n  ra te s  o f p ro to n a te d  carbons (see 
T ab le  15), w h ic h  o p e ra te  in  th e  v is c o u s  s o lu t io n s  ne ce ssa ry  f o r  
s p e c tra l measurements. These resonances a re  narrow er and more in te n se  
in  s p e c t r a  o f a q u e o u s  s o lu t i o n s  o f  re d u c e d  v i s c o s i t y .  T h is  
o b se rva tio n  i s  common to  a l l  te t r a c y c l in e  spec tra , and may be put to  
advantage in  th a t  i t  a llo w s  the  ready id e n t i f ic a t io n  o f the C7, Cg an(*
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C9 resonances o f r in g  D ( t y p i f ie d  in  Spectrum 13 ).
Assignm ents f o r  C7, Cg and C9 are con firm ed  on the b a s is  o f comparison 
w ith  the  model compounds ( 45 ).
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( 46 ) ( 13C d a ta  bank, 1976)
W ith in  t h is  p h e n o lic  t r i o ,  Cg is  assigned to  136.5 ppm, bu t C7 and Cg 
s h i f t s  a re  ve ry  c lose to g e th e r and may be in te rchanged .
DOCBLETS (UPFIHjD)
Of th e  th re e  resona nces  a s s ig n e d  t o  C4 t c4 a and C5 a (OFR d o u b le ts ) ,  
t h a t  a t  lo w e s t  f i e l d  (67.9 ppm) i s  a s s ig n e d  to  C4 s in c e  t h is  ca rb o n  
i s  s u b je c t  to  a  - d e s h ie ld in g  by n i t r o g e n  and to  s e v e ra l <x /  
e f f e c t s  due to  s u r ro u n d in g  c a rb o n  atom s ( c f .  <x -c a rb o n s  s h i f t s  o f  
model ( 4 7  )
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OCOMe
Me
6 0 . 1
Me Me
( 47 ) Casy, 1971
Resonances due to  C4a and C5a may be assigned by com parison w ith  he 




(4) 6-dem ethyl CTC HC1
Due to  th e  lo s s  o f  ft - d e s h ie ld in g  in f lu e n c e  o f C g -m e th y l,  th e  C^a 
resonance o f 6-deraethyl CTC should be h ig h e r f i e l d  than the co rrespo­
nd ing  chem ica l s h i f t  in  TC, whereas, the  C4a chem ica l s h i f t  should be
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s im i la r  in  both the  compounds. The 6-dem e thy l CTC spectrum showed a 
doub le t near 35 ppm ( s im i la r  v a lu e  to  the C-H d o u b le t o f TC) and one 
near 37 ppm (h ig h e r f i e l d  than  th e  43 ppm d o u b le t o f TC). Hence, the  
assignm ents o f the u p f ie ld  d ou b le ts  are con firm ed  as fo l lo w s : -
Dmso.dg H2O/D2O c a p i l la r y  
C4 67.9 70.4
C4a 35.3 35.4
C5a 42.0 4 2.3 u n d e r l in e d  resonance  o b scu re d  by
Dm so.dg m u l t ip le t .
SINGLETS
A t o t a l  o f 12 s in g le t s  a re  e xp e c te d  due to  th e  q u a te rn a ry  (Cq) 
carbons: -
C - l , 2 ,3 ,6 , 6a ,1 0 ,10a ,1 1 ,11a ,12 ,12a and CONH2 
C6 AND C12a SINGLETS
The h ig h  f i e l d  s in g le ts  o f Cg and C12a are considered f i r s t .  S in g le t 
resonance  a t  67.9 ppm i s  a s s ig n e d  to  Cg (o v e r la p p s  C4 s ig n a l)  s in c e  
i t  f a l l s  w i t h in  th e  c q range 7 0-90 ppm o f t e r t i a r y  a lc o h o ls  ( c f .  
model compound 4 3 )
132
69 . 3
( 4 3 )  ( S to th e rs ,  1972)
The resonance  a t  73.1  ppm i s  a s s ig n e d  to  C i2a* S u p p o r t iv e  e v id e n ce  
fo r  the  lo w e r f i e l d  resonance may be ob ta ined  from  the correspond ing  
chem ica l s h i f t  data o f 6-deoxy OTC, 6-dem ethy l CTC and methacy c l in e .
do xycy c l in e  c 12a = 7 3 -° PPm
6-dem ethyl CTC = 73.7 ppm
raethacycline " =73.5 ppm
S ince  th e  C^2a ca rbon  i s  w e l l  rem oved fro m  th e se  Cg s t r u c t u r a l  
c h a n g e s , th e  c h e m ic a l s h i f t  s h o u ld  be s i m i l a r  i n  a l l  th e s e  
te t r a c y c l in e  analogues. T h e re fo re  C j^a i s  ass igned to  73J. ppm.
LOWEST FIELD RESONANCES
The lo w e s t f i e l d  p a i r  (193.4 and 192.9 ppm) is  assigned to  ca rb o n y l 
carbons a t 0^  and C^r by re fe re n c e  to  the  model data on a  , (3 -  
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101.1o
1 95 . s p  I?
o  o
n h 2
1 7 3 .3
lO O . 2
(4 8 ) (A s le s o n  and  F r a n k ,  
1975)
(4 9 )
A d e c is io n  on th e  e x a c t  a s s ig n e m n t o f and was re a c ^ed by
m o n ito r in g  th e  s ig n a l as a f  u n t io n  o f pH (A s le s o n  and F ra n k ,
1975). The 192.9 ppm reso n a n ce  s h i f t e d  a t  pH 3.0 as d id  t h a t  187.2 
ppm. T he re fo re  th e  192.9 ppm resonance must be due to  th e  carbon o f r in g  
A ( i . e .  C^) s in c e  r in g  A i s  known to  be th e  f i r s t  pKa s i t e  (F ig .  11 )
The 193.3 ppm resonance d id  n o t s h i f t  u n t i l  the  pH exceeded 7.0, and 
was th e re fo re  assigned to  C ^ .  The same pH study a llo w s  assignm ent 
o f the  next h ig h e r f i e l d  resonance (187.2 ppm) to  as con firm ed  by 
c o m p a ra t iv e  T^ v a lu e s  (see page 10 2 ) : 2 .27s , 2 .2 s , C3 l* 4 8 s
in  Dmso.dg
AMIDE CABB0NYL
By re fe ren ce  to  th e  model compounds ( 48 , 49 ) , e ith e r  th e  172J. o r
175.0 ppm (Dmso.dg) resonance may be assigned to  the  amide carbon of 







F i g . l l  I o n is a t io n  s ta g e s  o f  t e t r a c y c l in e  as a f u n c t io n  o f  pH (Knox 





( 48 ) Asleson, 1975 ( 49 )
s p e c tra l range of the 2-cyano analogue o f TC HCL (2 2 )•





TC H d 172.1, 17 5.0 ppm
2-cyano TC 119.2, 178.7
( 22 ) p a r t ia l  s tru c tu re  o f 
2-cyano TC
Choice o f the  h ig h e r f i e l d  resonance (a t 172J. ppm) as due to  
the amide ca rbon y l, re s ts  upon the correspond ing  model compound data , 
but more c o n v in c in g ly  on th e  com para tive  T^ va lues  fo r  the  172J. and
175.0 ppm resonances (see page 10 2).
There a re  s ix  ca rb o n s  s t i l l  l e f t  to  be a s s ig n e d . These may be 
co n ve n ie n tly  subd iv ided  in to  two groupss-
1) qua te rna ry  carbons w ith  oxygens C10'  c12
2) w ith o u t Oxygen: C j, C6a, C10a, Cl l a
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QUATERNARY CARBGHS LINKED TO OXYGEN
The tw o lo w e s t f i e l d  resonances, 161.3 and 175.0 ppm, must be due to  
C^o and C12 due to  the  stron9 d e s h ie ld in g  in f lu e n c e  o f oxygen , the  
161 ppm va lue  i s  t y p ic a l o f phenols w ith  o r th o  p laced carbon s u b s t i­
tu e n ts  ( *  ). T he re fo re , 161.3 ppm may undoubtedly be assigned to
C^q. Hence C^ 2 must g ive  r is e  to  the  resonance a t  175.0 ppm.
QUATERNARY CAIBONS WITHOUT OXYGEN
These a re  a t t r ib u ta b le  to  unsa tu ra ted  carbons n o t a ttached  to  oxygen 
i .  e. C2, C6 a, c10a and c l l a *
The h ig h e s t  f i e l d  s ig n a l o f t h i s  g roup  (95.7 ppm) is  due to  C2 
acco rd ing  to  the chem ica l s h i f t s  o f the model ( 23 )•
H NMe
0 C 1- 1V ^ c o n h 2
197 II \
173 . 4 83 . 5
(23) (Asleson, 1975) ( 22 ) 2-cyano TC
In  s u p p o r t ,  th e  95.5 ppm resonance  o f TC HC1 s h i f t s  to  83.5 ppm on 
conve rs ion  to  th e  2-cyano TC d e r iv a t iv e  ( 22 ).
* see page  137
(50 ) (51 ) Asleson,
1 1 8 .2
1 3 6 .3 130.7
O1 1 8 .8
1 6 2 .3
A sleson , 1975




1 2 8 .3
1 2 8 .3
O1 3 2 .8
(5 3 )
1 1 9 .0
1 3 5 .5
1 1 7 .5







13(Reference fo r  compounds (53 and 5 4 ) :  C data  bank, 1976)
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The lo w e s t f i e l d  resonance of t h is  group (147,9 ppm) may be assigned
to  Cga on the b a s is  o f the model ( 55 ), to g e th e r w ith  the s e n s i t iv i t y






( 55 ) d i th ra n o l
C6a (Dmso.dg)
TC HC1 147,9 ppm
CTC HC1 143.6 ppm
6-dem ethy l CTC HC1 140.6 ppm
M ethacyc line  HC1 142.7 ppm
Of the tw o re m a in ing  cq  resonances, th a t near 114 ppm is  assigned to
CiQa on th e  b a s is  o f  models (55  and 5 6 ),
13 6 . 8
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By e l im in a t io n ,  th e  106.8 ppm resonance  i s  a t t r i b u t a b le  to  Cl l a . 
R e la x a t io n  t im e  m easurem ents o f t h is  q u a r te t  s u p p o r t  th e s e  a s s ig ­
nm ents, in  t h a t  lo w e r  Tx v a lu e s  w e re  fo u n d  f o r  th e  Cl l a  and C6a 
ca rbons (each  w i th  one ft -h y d ro g e n  (57 ) th a n  f o r  th e  C2 and C^0a 
ca rbons  w h ic h  la c k  ft -h y d ro g e n s  (see page 106). The v a lu e s  and 
th e ir  c o n tr ib u t io n  to  a s s ig n in g  v a r io u s  re so n a n ce s  a re  d is c u s s e d  in  
more d e ta i l  in  chapter 3 s e c t io n  1 .
J  HOv pH3
H8
9
c o n h 2
OH O OH O
(57 ) ( p a r t ia l  fo rm u la )
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Having examined th e  f u l l  assignm ent o f the  TC HC1 in  d e ta i l ,  a study
of the - ^ c  NMR spectra  o f i t s  d e r iv a t iv e s  w i l l  now be presented. The
approach w i l l  be to  compare th e  spectrum o f the  analogue w ith  th a t  o f 
TC HC1, and to  a s s ig n  re so n a n ce s  o f the  a n a lo g u e  spec trum  d i r e c t l y  
from  the  standard spectrum on th e  b a s is  o f  s tru c tu re d  s im i la r i t ie s  o r 
d if fe re n c e s  between the two compounds. Corresponding carbons o f TC 
H C L-va rian t p a ir ,  in  areas o f the  m o lecu le  rem ote from  those where 
s t ru c tu r a l d iffe re n c e s  occur, s h o u ld  d i f f e r  l i t t l e  i n  e n v iro n m e n t, 
hence assignm ents o f such chem ica l s h i f t s  o f  the  v a r ia n t  m o lecu le  may 
be made d i r e c t l y  f ro m  th e  TC HC1 s h i f t  d a ta . I t  w i l l  be seen
t h a t  many a s s ig n m e n ts  may be made in  t h i s  way. C hem ica l s h i f t
d if fe re n c e s  are  in te rp re t te d  in  te rm s o f s h i f t s  th a t  are  to  be a n t i ­
c ip a te d  from  the  p a r t ic u la r  s t r u c tu r a l d if fe re n c e s  in vo lve d .
TETRACYCLINE BASE
In  th e  spectrum of TC base ( 58 ), run in  Dmso.dg/TMS, s ix te e n  
resonances d o w n fie ld  and two u p f ie ld  o f the  Dmso.d^ m u lt ip ie t  
a re  observed. The chem ica l s h i f t  da ta , a long  w ith  th a t  o f TC HC1, 
is  p resen ted in  Table 16 • The th re e  obscured s ig n a ls  were observed 
in  a sp e c tru m  run  in  p ro to n a te d  Dmso w i t h  D20 c a p i l l a r y  to  p ro v id e  
lo c k  s ig n a l.
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Table 16 Chemical s h i f t  data o f TC base and HC1 in  Dmso.dg/TMS
U n d e r l in e d  re s o n a n c e s  a re  o b s c u re d  by th e  s o lv e n t  
m u lt ip ie t .  ( TMS = 0 ppm)
P o s it io n TC HC1 TC Base
1 192 .9 192 .3
2 95.7 98.5
3 187 .2 191.8
4 67.9 69 .8
4a 3513 37 .4
5 26.9 22 .5
5a 42 .0 40.8
6 67 .9 68.1
6a 147 .9 148.0
7 116.9 116.9
8 136.5 136.4
9 115.2 114 .5
10 161.3 161.4
10a 114 .4 114 .4
11 193 .4 192 .9
11a 106 .8 105.9
12 17 5.0 176.8
12 a 43 .1 74 .3
conh2 17 2.1 17 2.4
C4-NMe 42.0 42 .4
Cfi-Me 22.5 22.8
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Although assignment of the NMe2 signal in base and hydrochloride is 
not entirely unambiguous (both signals occur close to that of C^), 
it is clear from data in Table 16 that the NMe2 resonance undergoes 
no significant downfield shift when the salt is converted to the free 
base. Deprotonation of nitrogen would be expected to shift attached 
methyl carbon resonance downfield (Stothers,1972) therefore it may be 
concluded that the 4-amino group remains protonated in the free base 
i.e. the tetracycline molecule exists predominantly in the form of a 
zwitter-ion. Since ring A has been identified as the first ionisa­
tion centre (Knox and Jurand, 1979), loss of C3 -OH proton is most 





Coupled with this evidence is the downfield shift (+4,6 ppm) of the 
C3 resonance, since -deshielding by a phenolic function is
enhanced after ionization (Stothers, 1972), Small down field shifts 




The spectrum of CTC HC1 was run in Dmso.dg/TMS. A total of 19 
signals was clearly resolved plus two obscured by the Dmso.dg heptet. 
The chemical shift values are listed in Table 17 •
The only difference between CTC HC1 and TC HC1 is the presence of a 
chlorine substituent at the C7 position. Accordingly the C7 doublet 
in the OFR spcetrum of TC HC1 at 116.9 ppm is replaced by a singlet 
at 121.1 ppm. A downfield shift is expected due to the a. -deshiel­
ding influence of chlorine ( 60 ).
Q0 NH2
H
OH O OH 0
(1) CTC HCl
C l
- 2 . 0
( 60 ) shielding parameters of CL (Stothers 1972) 
(+ deshielded, - shielded)
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Table 17 . *"*C chemical shift data of CTC HC1 and TC HC1 in
Dmso.dg/TMS. Underlined resonances are obscured by the solvent 
raul tipi et. (TMS = 0 ppm)
Position TC HC1 CTC HC1
1 192 .9 192 .0
2 95.7 95.8
3 187.2 187 .3
4 67 .9 68.9
4a 35.3 35.9











12 17 5.0 17 5.8
12 a 73.1 73.3
conh2 17 2.1 17 2.1
C4-NMe 42.0 42.8
Cg-Me 22.5 25.1
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Resonances in  th e  v i c i n i t y  o f C7 a re  a lso  a f fe c te d  by c h lo r in a t io n  in  
approxim ate  agreem ent w ith  the s h ie ld in g  param eters o f c h lo r in e  in  
a ro m a t ic  s y s te m s  (( 60 ) and T a b le  17 ). One r e s u l t  o f  t h i s  i s  th e  
re s o lu t io n  o f C4 and Cg w h ich overlapped in  the spectrum of TC HCL.
6-DEMETHYL CHLORTE TRACYCL INK HYDROCHLORIDE ( 6-DEM2THYL CTC HCL)
CONH
(4) 6-dem ethy l CTC HC1
T h is  d e r iv a t iv e  d i f f e r s  fro m  CTC s o le ly  in  th e  absence o f a m e th y l 
s u b s t itu e n t  a t  Cgt so th a t  o n ly  two resonances appear u p f ie ld  o f the  
s o lv e n t band. The o ff-re so n a n ce  q u a r te t ,  due to  Cg-m ethyl is  absent, 
and as a r e s u lt ,  the Cg resonance (an OFR d o u b le t) s h i f t s  u p f ie ld  (by
5.7 ppm ). The s m a ll d o w n f ie ld  s h i f t s  o f  Cg and C7 may a ls o  be 
e x p la in e d  in  te rm s  o f th e  lo s s  ° f  s h ie ld in g  in f lu e n c e  o f Cg- 
m e th y l. The c h e m ic a l s h i f t s  a re  l i s t e d  in  T a b le  1 8 .
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T a b le  1 8 . c h e m ic a l s h i f t  da ta  o f TC HC1 and 6-d e m e th y l CTC HC1 
in  Dmso.dg/TMS. U n d e r lin e d  re so n a n ce s  a re  o b scu re d  by the  s o lv e n t
m u lt ip le t .  (TMS = 0 ppm)




4 67 .9 67 .9
4 a J 5 .3 . 35.1
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MINOCYCLINE HYDROCHLORIDE
A p a rt from  the  d im e thy lam ino  s u b s t itu e n t a t  m in o cyc lin e  (9) 
re p re s e n ts  a fu r th e r  s im p l i f ic a t io n  o f TC HC1 in  th a t  i t  la c k s  bo th  
m e th y l and hydroxy groups a t  Cg.
The spec trum  o f m in o c y c l in e  HC1 was ru n  in  Dmso.dg/TMS and showed 
s ix te e n  w e l l  re so lve d  s ig n a ls  to  lo w f le ld  and fo u r  broad s ig n a ls  to  
h ig h e r f i e l d  p lu s  one s ig n a l masked by the  s o lve n t m u lt ip le t .
Of th e  h ig h f ie l d  s ig n a ls ,  C4 i s  r e a d i l l y  a s s ig n e d  to  66.7 ppm 
(d o u b le t  i n  th e  c o u p le d  s p e c tru m ) s in c e  i t  i s  w e l l  rem oved fro m  Cg 
and C7 and i s  th e r e fo re  u n l ik e ly  to  be a f fe c te d  by s t r u c t u r a l  
v a r ia t io n  a t  these s ite s .  In  c o n tra s t t o  an e a r l ie r  re p o r t  (Mazzola 
e t  a l .  1980), resona nces  a t  44.4 and 41.2 ppm a re  a s s ig n e d  to  C7 and 
C4-NMe2 carbons re s p e c t iv e ly  on th e  b a s is  o f  the  p ro to n a te d  s ta te  o f 
th e  more b a s ic  C4-NM e2 g ro u p  s in c e  th e  a  - N - p ro n a t io n  s h i f t  i s  
n e g a t iv e  ( i . e .  p ro d u ce s  s h i f t  to  h ig h e r  f i e l d )  (Jones  and Hassan,
9
8
c o n h 2
H
OH O OH O
(9 ) M in o cyc lin e
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1972). The Cg resonance o f TC HC1 s u f fe rs  a pronounced u p f ie ld  s h i f t  
(a b o u t 36 ppm) as a r e s u l t  o f th e  absence o f Cg s u b s t i t u e n t ,  w h ic h  
a lso  accounts f o r  the  s h i f t s  o f Cga (u p f ie ld )  and Cg (d o w n fie ld ) .
Two s t r ik in g  s h i f t s  o f the  TC HC1 resonances, fo l lo w in g  in s e r t io n  o f 
th e  C^-NMe2 g ro u p , a re  th e  u p f ie ld  s h i f t  o f  C^g an<* th©  d o w n f ie ld  
s h i f t  of C7 (see Table 19 ). Both are consequences o f the s h ie ld in g  
in flu e n c e  o f NMe2 upon a ro m a tic  carbons, as le a rn t  from  data on th e  
m ode l ( 61 ).
A n a ly s is  o f th e  f o u r  h ig h e s t  f i e l d  reso n a n ce s  i s  d i f f i c u l t  because 
t h e i r  c lo s e  p la c in g  le a d s  t o  o v e r la p  o f  th e  c o u p le d  s p e c tra .  The
INEPT program m e i s ,  h o w e ve r, w e l l  s u i te d  to  t h i s  p ro b le m . I t  i s
c le a r  from  the  INEPT spectrum (F ig . 12 ? u p f ie ld  re g io n  o n ly ) ,  th a t
resonances a t  34.3 and 31.5 ppm are due to  m eth ine , and those a t  33.7
and 29.6 ppm to  be due to  m e th y le n e  (CH2 ) ca rb o n s . M o re o ve r, th e  
so lve n t band in te n s i t y  i s  ve ry  much reduced re v e a lin g  the tw o NMe2 
resonances.
NMe2
- 1 2 . 0
( 61 ) S h if ts  r e la t iv e  to  those in  benzene
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T a b le  19. 13C c h e m ic a l s h i f t  d a ta  o f TC HC1 and m in o c y c l in e  in  
Dmso.dg/TMS. U n de rlined  resonances are obscured by the 
s o lv e n t m u lt ip le t .  (TMS = 0 ppm)
P o s it io n TC HC1 M inocin
1 192 .9 192 .9
2 95.7 95 .6
3 187.2 187 .4




6 67 .9 33.7
6a 147.9 142 .0
7 116.9 136.5
8 136.5 128.5
9 115.2 114 .8
10 161.3 157.4
10a 114 .4 116.0
11 193.4 193.6
11a 106.8 108.2
12 17 5.0 17 4.3
12 a 73 .1 73.9
conh2 17 2.1 171.8
C4 -NMe 42.0 41.2
C6-Me 22.5 -------
C7-NMe ------ 44 .4
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Fig. 12 INEPT ^ C  NMR spectrum of minocycline HC1 in Dmso.d^
(0-50 ppm region, CH, CH^ signals positive, CH^ signals negative). 
Assignments: a 44.4 ppm C^-NMe^f’ b 41.2 ppm C^-NMe^# c 34.3 ppm 
C4a(CH),* d 33.7 ppm C6 (CH2),‘ e 31.5 ppm C5a(CH)*, f 29.6 ppm C5 (CH2).
The compounds discussed up t i l l  now i.e . TC HCL, TC base, 6-dem ethy l 
CTC, CTC HCL and m inocyc lin e , a l l  have one im p o rta n t common s tru c tu ­
r a l  fe a tu re .  I t  i s  th e  presence o f tw o  hyd rogens a t  C  ^ g iv in g  r is e  
to  a t r i p l e t  f o r  the  ca rbon  resonance  in  the coup led  sp e c tru m . In  
c o n t r a s t ,  OTC HC1, m e th a cyc l in e , m e c lo c y c lin e  and d o x y c y c lin e  a l l  
have a hydroxy s u b s t itu e n t a t C^. Th is s t ru c tu ra l fe a tu re  a llo w s  the 
sepa ra tion  o f the te tra c y c l in e  fa m ily  in to  two m ajor groups, w ith  
TC and OTC being the basic members.




DM CTC HC1 
M inocyc l ine
H * * 'H OTC HCL 
M e th acyc line  
M eclocyc l ine 
Do xycy c l in e
H„ JDH
As TC HC1 has a lre a d y  been d iscussed in  d e ta i l ,  the  assignm ent o f OTC 
HC1 w i l l  be re p o rte d  b r ie f l y  and by com parison w ith  TC HC1.
QXYTETRACYCLINE HYDROCHLORIDE (OTC HCL)
Jjl c l
; 0 N H *
OH O OH O
(2 ) OTC HC1
The spectrum o f OTC HCL, to g e th e r w ith  methacy c l  ine; m ec locyc l ine and 
d o x y c y c l in e ,  la c k  th e  C5” me t h y le n e  resona nce  n e a r 27 ppm (OFR 
t r i p l e t ) ,  p re s e n t i n  a l l  th e  s p e c tra  d is c u s s e d  so f a r .  In s te a d , 
these spectra  show a lo w e r  f i e l d  dou b le t (near 63 ppm), a change due 
to  the  common C^-ch s u b s t itu e n t o f the  group. In  t h is  s e r ie s  th e
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C4a and Cga s ig n a ls  a ls o  show d o w n fie ld  s h i f t s  r e la t iv e  to  the  c o rre ­
sponding chem ica l s h i f t s  in  TC. The re s t  o f the resonances, presen­
ted  in  Tab le  20 , have a lm ost id e n t ic a l chem ica l s h i f t s  to  those of 
TC HC1. The b ro a d  n a tu re  and lo w  in t e n s i t y  appearence o f th e  C-^jCg 
and Cg and o th e r  p ro to n a te d  ca rb o n s  in  Dmso.dg s p e c tra ,  as n o te d  in  
the case o f TC HC1, are a lso  apparent. The T^ r e s u lts  are d iscussed 
on page 108 .
ME1HACYCLINE HYDROCHLORIDE
\ 0O H v
CONH
(5) raethacycl ine HCL
M ethacyc line  d i f f e r s  from  OTC in  hav ing  a m ethylene fu n c t io n  a tta ch e d  
to  Cg. i t s  spectrum , a long w ith  th a t  o f m ec locyc l ine (see la t e r )  is  
no ta b le  amongst the  r e s t  o f the group in  hav ing  no s ig n a ls  u p f ie ld  o f 
th e  s o lv e n t  band. M ode ls  a re  needed t o  c o n f irm  a s s ig n m e n ts  a t  Cg 
s ince  a “ CH2 group is  no t p resen t in  compounds d iscussed up t i l l  now.
C hem ica l s h i f t  da ta  on m ode ls  ( 62 ) and (63 ) In d ic a te  t h a t  th e
15 3
Table 20. 13C chem ica l s h i f t  data o f TC HC1 and OTC HC1 in  Dmso.dg/ 
TMS. U n d e r lin e d  resona nces  a re  masked by th e  s o lv e n t  
m u lt ip le t .  (TMS = 0 ppm)
P o s it io n TC HC1 OTC HC1
1 192 .9 192 .9 ,
2 95.7 95.4
3 187.2 187.1
4 67.9 64 .9
4a 35.3 42.0
5 26.9 63.2
5a 42 .0 49.8




9 115.2 114 .9
10 161.3 161.2
10a 114 .4 114.4
11 193.4 193 .7
11a 106.8 105.3
12 17 5.0 17 3.5
12 a 73.1 72.5
conh2 17 2.1 171.9
C4-NMe 42.0 41.8
C6-Me 22.5 24.6
1 5  4
v i n y l i c  m e th y le n e  ca rbon  and C^q 





1 1 4 .4
( 62 ) S to the rs ,
resona nces  w o u ld  be v e ry  c lo s e . 




1972 ( 63 )
sp e c tru m ) and 113.7 ppm ( t r i p l e t )  a re  a s s ig n e d  to  C1Qa and Cg=CH2 
r e s p e c t iv e ly .  The resonance  a t  160.7 ppm i s  a s s ig n e d  to  C1Q by 
com parison w i th  model ( 62 ) and a lso  because of s im i la r i t y  in  o th e r 
te tra c y c l in e s .  The Cg s ig n a l o f OTC moves d o w n fie ld  by about 70 ppm 
f o l lo w in g  the  change fro m  sp3 to  sp2 h y d r id iz a t io n ,  w h i le  Cga (no 
lo n g e r  s u b je c t  t o  @ - d e s h ie ld in g  by oxygen) moves u p f ie ld .  The 
o the r resonances have s im ila r  chem ica l s h i f t  va lu e s  to  those o f OTC 
HC1. The c h e m ic a l s h i f t  da ta  i s  p re s e n te d  i n  T a b le  21 a lo n g  w i t h  
th a t o f m ec locyc l in e .
Ifia .O C Y C I.IN E
The s p e c t r a l d a ta , f o r  th e  base and s u lp h o s a l i c y la t e  s a l t ,  ( i n
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T a b le  21 . c h e m ic a l s h i f t  da ta  o f OTC HC1, m ethacy c l  in e  and
m e c lo cyc lin e  (base and s u lp h o s a lic y la te  s a lt )  in  Dmso.dg/TMS. 
U n de rlined  resonances are  obscured by the  s o lve n t m u lt ip le t .  (TMS = 0
ppm)
P o s it io n OTC HC1 M ethacyc line m eclocyc l ine
1 192.9 192 .1
base * 
190.3
s a l t  * 
190.8
2 95.4 95 .0 98.8 94.9
3 187 .1 187 .3 187 .1 186.2
4 64.9 65.3 64.9 63.9
4 a 42 .0 42.0 40.0 40.0
5 63.2 64.1 65.5 64.4
5a 49.8 44 .2 45.4 45.1
6 68.9 140 .6 136.9 135.9
6a 148.7 142 .6 138.9 138.2
7 118.9 117 .3 119.6 119.4
8 136.6 137.0 137 .8 138.7
9 114.9 116.4 118.3 118.5
10 161.2 160.7 159.8 158.9
10a 114.4 114.4 116.6 116.6
11 193.7 193.5 191.3 193.2
11a 105.3 105.2 105.4 106.2
12 173.5 173.6 178.2 173 .9
12a 72.5 73.5 75.4 73.8
conh2 171.9 171.6 170.5 171.0
C4-NMe 41.8 42.0 41.7 41.0
VMe 24 .6 ------------ ------------ ------------
C5 = CH2 ------------ 113.7 117 .4 117 .5
* Mazzola et al. 1980
** the resonances due to the organic salt are at 116.6, 126.9,
132.6, 136.0, 137.7 and 160.4 ppm.
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Dmso.dg/TMS) are presented in Table 21.
The NMR data on the  m e c lo cyc lin e  base has a lready been pub lish e d  
( M a z z o l a  e t  a l . 1 9 8 0 ) .  D u r i n g  t h e  p r e s e n t  w o r k ,  t h e
s u lp h o s a lic y la te  s a l t  was s tu d ie d .
■<*O HV
CONH
OH O OH O
( 64 ) M ec locyc l ine
M ec locyc line  d i f f e r s  from  m e thacyc line  by the presence o f a s u b s t i­
tu te d  c h lo r in e  a t  G j. The spectrum does n o t show any resonances 
u p f ie ld  o f the s o lv e n t m u l t ip le t  ( s im ila r  to  th a t  o f m e th acyc line ). 
A d o w n fie ld  s h i f t  i s  expected a t  C-j due to  th e  d e s h ie ld in g  e f fe c t  o f 
C l, b u t the  a c tu a l s h i f t  i s  v e ry  s m a ll.  The r e s t  o f th e  c h e m ic a l 
s h i f t s  a re  v e ry  s im i l a r  to  th e  base, and th e y  c o r r e la t e  w e l l  w i t h  
those o f m e th acyc line  h yd ro ch lo rid e .
6-DEOXY OTC (DOXYCYCLINE) AND ITS 6 /? -METHYL ISOMER
The o f f i c i a l  c o m p o s i t io n  o f  d o x y c y c l in e  h y d r o c h lo r id e  ( 6 )
CONH
OH O OH O
( 6 ) d o xycyc lin e
CONH
(65 ) 6-e p i d o xycyc lin e
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(M a rtin d a le , 1980) is  as fo l lo w  s : -
D o x y c y c l in e  h y c la t e  ( U .S .P . ) : -  D o x y c y c l in e  h e m i- e th a n o l  a te  
h y d ro c h lo r id e  h em i-hyd ra te
i.e .  th e  h y d r o c h lo r id e  s a l t  c r y s t a l l i z e s  w i t h  h a l f  a m o le  each o f 
w a te r and e thano l.
T h e re fo re  tw o  e th a n o l peaks m ust a ls o  be a cc o u n te d  f o r .  The 
spectrum o f d o xycyc lin e  d isp layed  23 re so n a n ce s  (21+2 f o r  e th a n o l) .  
The re so n a n ce s  due to  e th a n o l o f  c r y s t a l l i s a t i o n  a re  18.4 ppm (OFR 
q u a rte t due to  CHg) and 56.0 ppm (OFR t r i p l e t  due to  CH2).
The absence o f a Cg-CJH s u b s titu e n t i s  r e f le c te d  i n  th e  u p f ie ld  s h i f t s  
o f Cg and ne ighbouring  carbon resonances, most pronounced f o r  Cg(-28 
ppm), moderate fo r  Cg-m ethyl (-8 .8  ppm) and C^a (-4.6 ppm) by compa­
r is o n  w ith  the correspond ing  s h i f t s  o f OTC. The near co inc idence  o f 
the Cy, Cg and C^Qa resonances i s  a no ta b le  fe a tu re  o f the  spectrum, 
as shown i n  Spectrum 14 . The T^ da ta  i s  d iscussed on page 1 1 1 .
The Cg ep im e r o f  d o x y c y c lin e  (65) i s  a p o s s ib le  im p u r i t y  s in c e  
c a ta ly t ic  re d u c t io n  o f i t s  p re cu rso r (m e th a c y d in e ) i s  not s te reospe - 
c i f i c  ( S tephen e t  a l .  1963).
The spec trum  o f  th e  Cg ep im e r o f d o x y c y c l in e  d i f f e r s  n o ta b ly  fro m  
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1) C lea r re s o lu t io n  o f Cy, Cg and C  ^Qa resonance a
2) Reduced s e p a ra t io n  o f C  ^ and C^ s ig n a ls  (A 6  PPm 0.6 ppm; 3.5 ppm 
fo r  d o x y c y c lin e ).
3) R e so lu tio n  o f the C^a resonance to  h ig h f ie ld  o f  the so lve n t band.
4) Absence of e thano l peaks.
Thus th e  presence o f th e  C g -ep im er i n  a d o x y c y c l in e  sam ple  may be 
re a d ily  de tected  from  i t s  ^ C  NMR spectrum. Furtherm ore, the 
absence o f such d ia g n o s tic  s ig n a ls  i s  evidence o f is o m e ric  p u r ity ,  as 
was the case f o r  the  sam ple re p o r te d  h e re . Most c h e m ic a l s h i f t  
d i f f e r e n c e s  be tw een c o rre s p o n d in g  c a rb o n s  o f  d o x y c y c lin e  and i t s  
e p im e r are  c o n s is te n t  w i t h  those  e x p e c te d  fro m  re p la c e m e n t o f an a  
by a /? -C g -m e th y l.  For exam ple, u p f ie ld  s h i f t s  o f  C^q& and C ^ a 
resonances due to  y  -d e s h ie ld in g  a re  o b se rve d . The c h e m ic a l s h i f t  
data o f doxycyc line , 6 -e p i d o xycyc lin e  and OTC HC1 are presented i n  
Table 22.
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Table 2 2 .  13c chem ica l s h i f t s  o f OTC, d o xycyc lin e  and 6 -e p i-
d o xycyc lin e . U n de rlined  resonances are  masked by s o lv e n t 
m u lt ip le ts .  (TMS = 0 ppm)
P o s it io n OTC HC1 D oxycyc line 6-e p i
1 192 .9 192 .6 192 .5
2 95.4 95.2 95 .0
3 187.1 187 .4 187 .2
4 64 .9 68.1 64 .7
4a 42.0 41.0 32.9
5 63.2 64 .6 63 .8
5a 49.8 45.2 43 .3
6 68.9 41.0 41.2
6a 148.7 147 .7 150.0
7 118.9 115.5 118.7
8 136 .6 136.7 137 .3
9 114 .9 115.5 115.6
10 161.2 161.1 161.3
10a 114 .4 115.4 114 .3
11 193.7 193.6 193.7
11a 105.3 107.2 103.5
12 173.5 173.5 17 4.8
12 a 72.5 73.0 73 .8
conh2 171.9 171.7 171.6
C4-NMe 41.8 41.0 41.2
C6-Me 24.6 15.8 16 .6
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SEMI SYNTHETIC TETRACYCLINES
R o l i te t r a c y d in e  (41) and ly m e c y d in e  a re  both Mannich bases 
fo rm e d  fro m  t e t r a c y c l in e ,  fo rm a ld e h y d e  and p y r r o l id in e  o r  ly s in e .  
The spectrum  o f r o l i t e t r a c y d in e  i s  ve ry  s im i la r  to  th a t  o f  TC base, 
b u t has  the  d is t in g u is h in g  fe a tu r e  o f a d d i t io n a l  s ig n a ls  a t  56.6, 
50.1 and 23.6 ppm due to  p y r ro l id in o - m e th y le n e  u n i t  (M a z z o la  e t  a l .  
1980).
CONHCHrN
(41) r o l i t e t r a c y d in e
An a t te m p t  to  r e c o rd  the  sp e c tru m  o f  ly m e c y d in e  i n  D2O ( i t  i s  
in s o lu b le  i n  Dm so. dg) a t  th e  u s u a l c o n c e n t r a t io n  (5 0 -6 0  mg i n  0.5 ml 
s o lve n t) f a i le d  because o f the  ra p id  fo rm a t io n  o f a p r e c ip i ta te  fro m  
th e  i n i t i a l l y  d e a r  s o lu t io a  The spectrum o f the  superna tan t l i q u id  
d is p la y e d  s ix  re s o n a n ce s  due t o  ly s in e  (1 7 6 .0 , 55.9» 4 0 .5 , 31*3 and
22.7 ppm (R abenste in  and Sayer, 1976) p lu s  one e x t ra  resonance (35.9 
ppm) p robab ly  due to  the  hydra ted  form aldehyde. However the spectrum
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of the p r e c ip ita te  i n  Dmso.dg showed th e  m a te r ia l to  be TC base. I t  
proved p o s s ib le  to  re c o rd  a spectrum o f a more d i lu te  s o lu t io n  (4mg 
i n  0.5ml D2O) a t  h ig h e r frequency (100 MHz), which d isp la ye d  a l l  the 
ly s in e  and many o f th e  TC s ig n a ls .  I t  i s  e v id e n t  t h a t  ly m e c y d in e  
i s  a h ig h ly  u n s ta b le  com p lex t h a t  r a p id ly  r e v e r ts  to  i t s  com ponent 
p a rts  on d is s o lu t io n .  The chem ical s h i f t  data o f r o l i t e t r a c y d in e  i s  
presented i n  Tab le  2 3 . .
1Table 23 . Chemical s h i f t  data o f TC base and r o l i t e t r a c y d in e .
U n de rlined  resonances are  obscured by the s o lv e n t m u lt ip le t.(T M S  = 0






















* a d d it io n a l s ig n a ls : 23.6 and 50.1 ppm p y y ro lid in e  carbons, 56.6 ppm 




SPECTRAL ANALYSIS OF THE DEGRADATION PRODUCTS OF 
TETRACYCLINE GROUP OF ANTIBIOTICS
S e c tio n  1
1 H NMR
4 -e p i TC HC1 
4 -e p i CTC HC1 
Anhydro TC HC1 
Anhydro CTC HC1
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1H N M
4-EPI TC HO. (12)
The s p e c tra  o f m ost TC HC1 sam p les d is p la y e d  a lo w  in t e n s i t y  b road  
band or narrow d o u b le t to  lo w f ie ld  (y  4.8 ppm) o f the 4-H resonance 
( Ai 4.3 ppm) w h ich  i s  in d ic a t i v e  o f th e  p resence  o f 4 - e p i  TC as an 
im p u r ity .  A com m ercial sample o f  4 -e p i TC HC1, o b ta ined  from  P fiz e r  
la b o r a to r ie s ,  gave a spec trum  w h ic h  l i k e w is e  showed re s o n a n c e s  a t  
4.75 ppm (n a rro w  d o u b le t,  s e p a ra t io n  3 -4  Hz) and 4 .3  ppm (b ro a d  
s in g le t)  , but w ith  the lo w f ie ld  s ig n a l o f g re a te r in te n s ity .  H iis  
sample was e v id e n t ly  a m ix tu re  o f the two isom er a  A sample ru n  on 
an HPLC co lum n  in v a r ia b ly  showed an e p i TC peak a p p e a r in g  as  a 
shoulder on the ascending p a rt o f the m ain TC peak. The m ob ile  phase 
had to  be m o d if ie d  to  separate the  TC and 4 -e p i TC peaks (see Chapter 
6).
The o n ly  o th e r  1 H NMR s p e c t r a l d i f f e r e n c e  o f s ig n i f ic a n c e  was th e  
f a c t  th a t  the  NMe2 re so n a n ce s  o f th e  4 - e p i d e r iv a t iv e  was b ro a d e r 
than th a t  o f the TC H(H (see a lso  r e s u l t s  f o r  CTC and 4 epi-CTC). In  
the spectra  o f m ix tu re s  c lo s e ly  placed broad and narrow s in g le ts  were 
seen near 3 ppm (Spectrum 15). C h e m ic a l s h i f t s  in  T a b le  2 4 .
4-EPI CTC HC1
T h is  sam ple was d e r iv e d  fro m  L e d e r le  la b o r a t o r ie s  w h ic h  appeared 
f a i r l y  pure from  i t s  NMR spectrum .
Spectrum 15 . XH NMR spectrum of 4-epi TC HC1 in Dmso.dg/TMS run at 100 MHz.
d e u t e  r a t e d
d e u t e r  a t e d HDO
o f  f - s e t  _ 
5 . 2 1  ppm
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The m a te r ia l p ro v id e d  a w e l l  re s o lv e d  400 MHz  ^H spectrum  and t h i s  
a l lo w s  s p e c t ra l d i f fe r e n c e s  betw een 4 -e p irn e r TC d e r iv a t iv e s  to  be 
w e ll defined. The com parative a n a ly s is  o f  spectra o f CTC HC1 and i t s  
4 -e p i isom er, recorded under the same co n d itio n s  (400 MHz in  Dmsadg) 
is  shown below:







2.87 bs 4.32 bs










a : 2.24 ddd 
(2. 5 .13) 
0 :1 .71  bq 
(12)d 
a : 2.17 bd 
(14)






C hem ica l s h i f t s  i n  ppm fro m  TMS, c o u p lin g  c o n s ta n ts  (Hz) in  
p a re n th e se s  f o l lo w in g  ch e m ica l s h i f t .  A b b re v ia t io n s :  b = broad,
s= s in g le t,  d= doub le t, t= t r i p le t ,  q= q u a rte t,
Note:
1) The 4-H  resonance o f th e  4 - e p i is o m e r (4.74 ppm, s e p a ra t io n  3.8 
Hz) i s  d o w n f ie ld  o f the c o rre s p o n d in g  4-H s ig n a l o f CTC (4.32 ppm, 
broad s in g le t ) .
2) The pronounced broadness o f the NMe2 resonance of the 4 -e p i isom er 
compared w ith  th a t o f CTC (see F ig . 4 page 74).
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3) The 4a -H  resonance  o f 4 - e p i CTC show s an a d d a t io n a l c o u p lin g  
compared w ith  the  m u l t ip l ic a t io n  o f the 4a-H s ig n a l of CTC due to  the 
s ig n i f ic a n t  c o u p lin g  w ith  4-H  ( ~ 4  fe ). The con fo rm a tion  o f CTC and 
4 -e p i CTC has a lready  been d iscussed (see Chapter 2 ).
ANHTDRO TC HCL
Anhydro TC HC1 was prepared i n  the  la b o ra to ry  as d iscussed on page 40, 
A NMR spectrum was ru n  a t  100 MHz in  Dmso.dg (Spectrum 16).
The C g -m e th y l fo rm s  a sh a rp  resona nce  nea r 2.5 ppm. The d o w n f ie ld  
s h i f t  o f t h i s  s ig n a l  ( c f .  TC HC1 1.5 ppm)» as a r e s u l t  o f the  change 
o f the  C  ^ carbon from  sp3 to  sp^ h y b r id iz a t io n  y ie ld s  a s ig n if ic a n t  
d iffe re n c e  between the spec tra  o f two compounds. Th is  may be used to  
m on ito r the  d e h yd ra tio n  o f the  parent compound. The chem ical s h i f t s  
o f  4-H and Cj|-NMe2 w ere  u n a ffe c te d  (due to  re m o te n e ss  o f these  
p ro to n s  fro m  th e  s i t e  o f  d e h y d ra t io n ) .  The r e s t  o f  th e  m e th in e  
s ig n a ls  were unreso lved  w i th in  the  1 .6 -3 .2  ppm envelope. (T a b le  24) .
ANHTDRO CTC HOL
Anhydro CTC HC1 was p re p a re d  i n  th e  la b o r a to r y  f o l lo w in g  th e  same 
procedure as th a t used f o r  anhydro TC. A 1H NMR spectrum  was ru n  a t  
270 MHz in  Dmso.dg/TMS (Spectrum 17). (T a b le  24)
d e u t e  r a t e d
S p e c t r u m  16 .
HDO
2 ppm
d e u t e r a t e d
ppm
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The resonances near 1 and 3*8 ppm are due to  re s id u a l is o -p ro p a n o l, 
used i n  the d e h yd ra tion  procedure.
Due to  the  presence o f s u b s t itu te d  c h lo r in e , the  normal a ro m a tic  
p a t te r n  o f one t r i p l e t  and two d o u b le ts  (e .g . as  i n  TC HC1) i s  
a l te re d  to  a p a ir  o f d o u b le ts .
The anhydro CTC spectrum  i s  ve ry  s im i la r  to  th a t  o f anhydro TC. The 
C g -m e th y l resonance  d is p la y e d  the  e x p e c te d  d o w n f ie ld  s h i f t  due to  
d e s h ie ld in g  in f lu e n c e  o f c h lo r in e  (a n h y d ro  TC 2 .4 ; a n h y d ro  CTC 2.6 
ppm). The spectrum o f anhydro CTC was ch a ra c te r is e d  by the C5-m e th y l 
s ig n a l (2.6 ppm ), 4 -H  s ig n a l (4.6 ppm) and A B a ro m a t ic  4 - l i n e  
resonance i n  accordance w ith  the same fe a tu re s  o f anhydro TC a f te r  
a llow ance fo r  the in f lu e n c e  o f the 7 -c h lo ro  s u b s titu e n t. A l l  these 
s ig n a ls  were accompanied by d u p lic a te  resonances o f  lo w e r  in te n s i t y  
(See S pectrum  1 8 ), e v id e n ce  t h a t  th e  4 - e p i anhyd ro  CTC is o m e r be 
presen t.
ISO-CHLORTETRACYCLINE (ISO-CTC)
In alkaline solutions, tetracyclines having a C -OH group 
degrade readily to the iso-tetracyc1ine derivative (as 
described on page 18). CTC is specially prone to this type 
of degradation.(Stephen et al. 1954).
The H NMR spectrum was run at 270 MHz in Dmso.d /TMS. The6
spectrum was complex and displayed duplicate aromatic and C -6
methyl signals indicating the presence of an epimeric mixture.
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j u
P P M
2 . 6  2 . 5  2 . 4
S p e c t r u m  18 . E x p a n d e d  s p e c t r u m  o f  a n h y d r o  CTC ( 2 7 0  MHz i n
Dmso . d _ / T M S . )6
174
Table 24. C hem ida s h i f t s  (^H NMR) o f TC HC1, 4 -e p i TC HCL, anhydro 
TC and anhydro CTC HC1 reco rded  a t  100 MHz in  Dmso.dg/TMS
TC HC1 4-epi TC Anhydro- Anhydro-
HC1 TC HC1 CTC HC1
Ring D 7.5 t ,  7 .5  t ,  7 .6  m, 7 .6  m
aroma t ic s  7 .1 , 6 .9  d 7 .1 ,  6 .9  d 6 .9  d 6 .9  d
Cgmethyl 1.5 bs 1.5 bs 2.4 bs 2.6 bs
C^NMe2 2 .9  bs 2 .9  s 2 .9  s 3.0
3.0 bs





C OTHERS 11.7 , 15.0 11 .7 , 15.1
M C4 4 .3  bs 4 .7 5 , 4 .3  bs 4 .4  4 .6
E
T G- unreso lved un reso lved  un reso lved  un reso lved
H
I  (v  " " "  "
N
E G - "  " " "
s s in g le t ,  d doub le t, t  t r i p l e t ,  m m u lt i  p i e t
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SPECTRAL ANALYSIS OF DEGRADATION PRODUCTS OF TETRACYCLINES
S e c tio n  2
13C NMR
4 -e p i TC HC1
A n h y d ro te tra q y d in e  HC1
13C NMR assignm ents o f resonances
Anhydro CTC HC1
a  and 0  -apo o x y te tra c y c lin e  bases 
13C NMR assignm ents
Iso CTC base
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SPECTRAL ANALYSIS OF DEGRADATION PRODUCTS OF TETRACYCLINE GRODP OF 
ANTIBIOTICS
13C- Nhfi 
4 -E P I TC H d
4 -e p i TC HC1 is  s te re o c h e m ic a lly  d i f fe r e n t  from  TC H d  in  respec t o f 
i t s  c o n f ig u r a t io n  a t  C^. I n  TC, the  C2|NMe2 s u b s t i t u e n t  l i e s  i n  a 
plane below the  mean plane o f the  te t ra c y c l in e  m o lecu le  when d ep ic ted  
i n  the n o rm a l m anner (3 ) as do the  C g -m e th y l and C<j2a” ^  g roup s , 
w hereas i n  4 - e p i TC HC1, th e  C^-NMeg i s  d i r e c te d  above t h i s  p la n e . 
I n  the  two d im e n s io n a l r e p r e s e n ta t io n ,  as shown b e low  (1 2 ), t h i s  
geom e try  i s  d e p ic te d  by a heavy l i n e  f o r  th e  C^-NMe2 bond (above 
p lane  o f paper and a d o t te d  l i n e  f o r  the  C^-H bond (be low  p lane  o f 
pa p e r).
CONH
(12) 4-epi TC
1 7  7
Due to  t h i s  change i n  s te re o c h e m is t r y  a t  Cjj t th e  f o l l o w in g  c a rb o n  
atom s are a n t ic ip a te d  to  show change of chem ical s h i f t :  Cg, ty ,  C2j a» 
C2|-NM e2 and C^. The r e s t  o f  th e  ca rb o n s  a re  to o  f a r  rem oved to  be 
a f fe c te d  to  any a p p re c ia b le  e x te n t .  A s s ig n m e n ts  o f th e se  l a t t e r  
carbons may thus be made by com parison w ith  the chem ical s h i f t s  o f  
s im ila r  carbons i n  TC HC1.
In  th e  13(j spectrum  o f 4 -e p i TC HC1, a l l  resonances to  low  f i e l d  
o f  65 ppm were s im i la r  to  the correspond ing  s ig n a ls  o f TC HC1, except 
th a t  the C^  and Cg resonances were re s o lv e d  i n  th e  spectrum o f the  4 -  
e p i is o m e r. The C  ^ reso n a n ce  s h i f t s  f ro m  26.9 ppm ( i n  TC) to  19.8 
ppm i n  4 - e p i TC. T h is  may be e x p la in e d  due to  th e  7  -  s h ie ld in g  
e f fe c t  o f NMe2i s in ce  i t s  p o s it io n in g  now makes i t  7  -gauche to  C^
( 66 ).
TC 4 -e p i TC
( 66 )
The C4a resona nce , ju s t  dow nf i e ld  o f  th e  Dmso.dg s ig n a l ,  may have
s h if te d  due to  th e  same s te r ic  in flu e n c e . The re s t  o f the resonances 
have co rre spond ing ly  s im i la r  va lues. The presence o f C jpep i TC i n  a 
sample o f TC i s  th e re fo re  best de tec ted  by the  appearence o f a reso­
nance u p f ie ld  o f th e  22.5 ppm C g -m e th y l s ig n a l .  The 13c c h e m ic a l 
s h i f t  data a re  presented i n  Tab le  2 5 .
ANHYDROTETRACYCLINK (anhydro TC HC1)
The m echanism  o f anhyd ro  fo r m a t io n  and th e  s te re o c h 'e m ic a l reason  
fa v o u r in g  the  d e h y d ra t io n  has been d is c u s s e d  (page 15 ). The 
anhydro TC may be presented as a ta u to m e ric  m ix tu re , but th e  13c NMR 
d a ta  in d ic a te  s t r u c tu r e  (1 4b), w i t h  b o th  r in g s  C and D a ro m a t ic ,  to  
be the  p r in c ip a l component as d iscussed below.
OH O OH HO HO O
.a J>
(14 ) Anhydro  te t ra c y c l in e  ( p a r t ia l  s t ru c tu re )
13c- nmr assignments of resonances
The p ro to n  n o is e  de co u p le d  sp e c tru m  o f anh yd ro  TC HC1 d is p la y s  th e
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Table 2 5 . chem ica l s h i f t s  o f some te t r a c y c l in e  d e r iv a t iv e s  in
Dmso.dg/TMS. U n d e r lin e d  re s o n a n c e s  a re  masked by the  
s o lv e n t m u lt ip le ts ,  (TMS = 0 ppm)
P o s it io n C^epi TC Anhydro TC ^ -a p o  OTC a -apo OTC
1 191.0 192.8 195.6 195.1
2 95.5 97.8 98.3 98.9
3 187.8 187.4 197.6 191.2
4 66.0 66.9 63.5 63.0
4a 43.3 42.0 45.0 34.4
5 19.8 28.7 70.9 69.4
5a 42.0 121.6 143.4 141.6
6 68.0 130.5 114.9 113.4
6a 148.0 138.8 138.4 138.9
7 117.5 114.9 115.3 115.9
8 136.5 132.4 129.6 130.0
9 115.9 111.3 113.9 111.8
10 161.4 157.9 156.3 162.4
10a 114.5 112.1 105.2 102.5
11 193.0 163.6 154.7 159.8
11a 106.6 108.6 108.9 108.9
12 175.1 199.3 168.3 168.2
12a 73.7 76 .2 76.0 75.5
conh2 172.9 172.1 173.1 172.6
Cj|NMe 42.0 42.0 42.0 42.0
C6-Me 22.4 14.1 13.8 4 .0
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re q u ire d  21 s ig n a ls  (2 to  h ig h f ie ld ,  17 to  low  f ie l d  and 2 w i th in  th e  
so lv e n t band). In  TC HC1, the th re e  lo w e s t f i e l d  s ig n a ls  were obser­
ved a t  193.4 , 192.9 and 187.2 ppm and a s s ig n e d  to  C ^ ,  and 
r e s p e c t iv e ly .  As and C3 a re  w e l l  rem oved fro m  the  s t r u c t u r a l  
changes fo l lo w in g  d e h y d ra tio n  t h e i r  chem ical s h i f t s  a re  expected to  
be s im i la r  i n  the two compounds. The re fo re  192.7 and 187.6 ppm 
resonances a re  assigned to  and re s p e c t iv e ly .  Other carbons 
hav ing  s im ila r  env ironm ents  to  co rrespond ing  carbons o f TC (e,g, C<jq 
and C0NH2) may a lso  be assigned by d ire c t  chem ica l s h i f t  comparisons.
In  anhydro TC, C - j - j  i s  p h e n o lic  i n  the 14b fo rm u la t io n ,  th e re fo re  an 
u p f ie ld  s h i f t  i s  expected, whereas th e  C^2 o f TC HC1 becomes k e to n ic  
i n  th e  anhyd ro  d e r iv a t iv e  and w o u ld  be e x p e c te d  to  move d o w n f ie ld .  
Hence, resona nces  a t  163.6 and 199.3 PPm a re  a s s ig n e d  to  C ^  (see 
below) and C12 re s p e c t iv e ly .
The tw o s ig n a ls  im m e d ia te ly  u p f ie ld  o f  the  C0NH2 s ig n a l i.e . a t 163.6 
and 157.9 ppm, have c h e m id  s h i f t s  s im ila r  to  the C<jq resonance o f TC 
HC1 and a re  th u s  l in k e d  to  C^q and C <j «j c a rb o n s , bo th  o f w h ic h  a re  
p he no lic  i n  anhydro TC. S ince C ^  i s  c lo s e r to  the C<j2 carbonyl and 
does n o t possess -h y d ro g e n s  a t ta c h e d  to  ca rb o n , th e  lo w e r  f i e l d  
s ig n a l i s  a s s ig n e d  to  C ^ ,  w h i le  the  C^q s h i f t  m ust be 157.9 ppm 
( f u l l y  coupled spectrum , narrow d o u b le t due to  one 0  C-H)
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An u p f ie ld  s h i f t  o f the Cga resonance i s  expected by com parison w ith  
t h a t  o f TC HC1 (147.9 ppm) as  a r e s u l t  o f the  absence o f  (3 -  
d e s h ie ld in g  by oxygen Chemical s h i f t  data f o r  1,8-d ih y d ro x y -  






12 6 . 8
108 . 4
moved fu r th e r  d o w n fie ld  by 
m ethyl i n  anhydro TC
(56  ) 1,8-d ih y d ro x y  naphthalene
The C y ,  Cq and Cg resona nces  may be i d e n t i f i e d  by t h e i r  b road , low 
in te n s i t y  na tu re ; chem ica l s h i f t s  f o r  these carbons a re  114.9, 132.4 
and 111.3 PPm r e s p e c t iv e ly .  A un iq u e  f e a t u r e  o f th e  a n h yd ro  TC 
spectrum  ( ^ C )  i s  the presence o f two resonances ( s in g le ts  in  coupled 
spectrum) a t  130.5 and 121.6 ppm between th e  Cg and Cy s ig n a l a  The 
resonance a t  130.5 ppm i s  assigned to  Cg (o f.  56 ) and th a t  a t  121.6
ppm to  C^a (both carbons a re  a l ip h a t ic  i n  TC HC1).
The re m a in in g  re s o n a n ce s  may be a l l  a s s ig n e d  fro m  m odel da ta  (e .g  
CiQa» 112.1 from ( 56 )) and by d ire c t  com parison w ith  the  spectrum 
o f  TC HC1, s in c e  l i t t l e  d i f f e r e n c e  i n  th e  e n v ir o n m e n t  o f
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correspond ing  carbons i s  in v o lv e d . Of the  h ig h e r f i e l d  resonances o f  
TC HC1, th a t o f C]|a moves d o w fie ld  in to  the s o lv e n t m u lt i  p le t ,  w h ile  
the  Cg-m ethyl s ig n a l moves u p f ie ld  (absence o f f t  -d e s h ie ld in g  oxygen) 
a f te r  dehydra tion . The chem ica l s h i f t s  a re  l i s t e d  i n  Table 2 5.
I f  th e  ta u to m e r ic  fo rm  (1 4 a ) o f  a n h yd ro  TC i s  s i g n i f i c a n t l y  
populated, we w ou ld  n o t expec t m a jo r changes i n  the chem ical s h i f t s  
o f  and C<j^ from  the  co rrespond ing  v a lu e s  i n  TC HCL. In  f a c t  C-j-j 
and C.J2 p a r t ic u la r  show ra d ic a l changes i n  th e ir  chem ical s h i f t s  
due to  th e  s t r u c t u r a l  changes i n  th e  a n h y d ro  d e r iv a t iv e .  I t  i s  
p o s s ib le  th a t  the  s t r u c tu r e  (14a) i s  fo rm e d  i n i t i a l l y  d u r in g  
d eh yd ra tion  but q u ic k ly  re v e r ts  to  the  more s ta b le  fo rm  (14b).
-ANHYDRO CTC HCL (67)
H Cl
Cl Me H H IJ NMe,
7I I * H
8
9
c o n h 2
OH O H  O O
(67) anhydro CTC HOL
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A sample o f anhydro CTC HC1 was prepared i n  th e  la b o ra to ry  from  CTC 
HC1 fo l lo w in g  the method f o r  anhydro TC HCL (page 40 ). A ^ C  NMR 
spectrum (a t  67.8 MHz) was run  i n  Dmso.dg/TMS. The chem ical s h i f t s  
are presented in  Table 2 6 a long  w ith  those o f anhydro TC HCL
The on ly  d if fe re n c e  between th e  anhydro d e r iv a t iv e s  o f  TC and CTC i s  
the  p resence  o f a c h lo r in e  s u b s t i t u e n t  a t  C7 i n  anhyd ro  CTC. 
A c c o rd in g ly  th e  Cy d o u b le t  i n  th e  OFR sp e c tru m  o f anhyd ro  TC ( a t  
114.9 ppm) i s  expected to  be rep laced  by a s in g le t  lo w e r f ie ld  o f the 
o r ig in a l TC s ig n a l due to  th e  d e s h ie ld in g  in f lu e n c e  o f c h lo r in e  atom. 
(60 on page 143 ). Resonances i n  th e  v i c i n i t y  o f C7 s h o u ld  a ls o  be 
a ffe c te d  by c h lo r in a t io n .
S ince th e  13c jjMR a s s ig n m e n ts  o f  anhyd ro  TC HC1 have a lre a d y  been 
discussed, the assignm ents o f CTC HC1 w i l l  be by com parison w ith  the 
resonances o f  the  fo rm e r compound.
Cg-m ethyl resonance i n  anhydro CTC s h i f t s  lo w e r f ie ld  to  19.1 ppm (c f.  
anhyd ro  TC 14.1 ppm) due to  the  d e s h ie ld in g  in f lu e n c e  o f c h lo r in e .  
S im i la r  in f lu e n m c e  a c c o u n ts  f o r  th e  Cg resonance  nea r 136 ( c f .  
anhydro TC 130.5 ppm) and Cy (anhydro TC 114.9 ppm; anhydro CTC 119.2 
ppm). The re m a in in g  resonances a re  ve ry  s im i la r  to  those o f anhydro 
TC.
The 13c NMR spectrum showed th e  sample to  be contam inated e i th e r  by
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Table 26 . ^ C  NMR chem ica l s h i f t s  o f  anhydro TC HC1 (22.5 MHz) and 
anhydro CTC HC1 (67.8 MHz) in  Dmsadg/TMS. U n de rlined  resonances are 
obscured by the  so lve n t m u lt ip le t .  (TMS = 0 ppm)
Carbon anhydro T C  HC1 anhydro CTC HC1
12 199.3 199.6
1 192.8 192.6
3 187.4 187 .3
conh2 172.1 172.5
11 163.6 163.1
10 157 .9 157 .4
6a 138.8 135.6
8 132.4 1 33 .8
6 130.5 136.1
5a 121.6 121.4
7 114 .9 119 .2
10a 112.1 114 .3
9 111.3 111.6
11a 108.6 108.9
2 97 .8 97 .5
12a 7 6 . 2 76 .1
4 6 6 . 9 6 6 . 8
Cj| NMe2 42.0 4 2 . 0.
4 a 42.0 42.0
5 28 .7 25 .3
C6-Me 14.1 19.1
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im p u r i t ie s  o r e p im e ric  d e g ra d a tio n  products. A sample o f CTC HC1 run 
on th e  HPLC co lum n showed the  d ru g  to  be a m ix tu re  o f a t  le a s t  two 
o th e r components as w e l l  as th e  m ain drug,
CX AND f3 -AFO OXYTETRACYCLINE BASES
The f i r s t  pub lished  re p o r t  on th e  a p o -d e r iv a t iv e s  o f  OTC was presen­
ted by H ochs te in  e t  a l.  (1953). The au th o rs  d iscovered  the  fo l lo w in g  
pathway le a d in g  to  th e  fo rm a tio n  o f apo OTC ( is o la te d  i n  th e  is o m e r ic  
fo rm s, oC and & o f unknown s te re o c h e m is try ) under c o n d it io n s  o f  low  p fi
OTC -------------- ^  anhydro OTC----------------- ^ a a n d  (3 apo OTC
C22 ^ 24 ^2 022^22^2^8 C22^22^2^8
The apo d e r iv a t iv e s  were prepared and is o la te d  as the  f re e  bases as 
described  in  Chapter 1.
13C NMR ASSIGNMENTS
THE NMR spectrum o f the  f 3 - is o m e r d isp la ye d  th e  re q u ire d  number 
o f re so n a n ce s  (19 to  l o w f i e l d ,  1 to  h i g h f ie l d  and 1 w i t h in  th e  
s o lv e n t  m u l t i p l e t ) ,  c o n f i r m in g  t h a t  no lo s s  o f  ca rbon  had o c c u r re d  
d u rin g  the tra n s fo rm a tio n . S p e c tra l a n a ly s is  i s  c a r r ie d  o u t in
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r e la t io n  to  th e  z w i t t e r  io n  s t r u c tu r e  (1 6 ) , c o n ta in in g  a C^t C^2a-  
k e to l u n i t .  The tw o  1 o w e s t f i e l d  s in g le t  re so n a n ce s  ( a t  197.6 and
195.5 ppm) s u g g e s t a s s o c ia t io n  w i th  c a rb o n y l ca rbons . One m ust be 
due to  C<j, b u t the  second one cannot be due to  C-J2 ( l a ° to n e  
ca rb o n y l) , s ince th e  chem ica l s h i f t  i s  much lo w e r f i e l d  than  expected 
fo r  such carbons. Assignm ent o f one o f these tw o resonances to  C3 i s
QONH
(16) (3 -apo  OTC base
a p p ro p ria te , however, because an e n o lic  carbon has a chem ica l s h i f t  
g re a te r  th a n  190 ppm when io n iz e d ,  as in d ic a te d  by d a ta  on TC base 






TC HQ TC base
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The next lo w e r - f ie ld  resonance, a t  173.1 ppm, is  assigned to  CONH2 in  
accordance w ith  the s h i f t  o f the co rrespond ing  carbon of TC and o th e r 
TC d e r iv a tiv e s . P h tha lide  (68 ) and re la te d  d e r iv a t iv e s  ( 69) p ro v id e  
v a lu a b le  c lu es  to  the la c to n e  ca rbon y l anc* r i nS C ass ignm enta
From these  r e s u l t s ,  th e  re so n a n ce  a t  168.3 ppm i s  a s s ig n e d  to  th e  
la c to n e  ca rbon  R esonances a t  156.3 and 154.7 ppm a re
a t t r ib u te d  to  th e  phe no lic  carbons C^q and ( c f  s h i f t s  o f
analogous carbons o f anhydrous TC), w h ile  th e  Cy, Cg and Cg 
assignm ents fo l lo w  i n  the usual way from  the c h a r a c te r is t ic  s ig n a l 
appearance (decoupled spectrum : lo w  in te n s ity  and broad n a tu re ; f u l l y  
coupled spectrum : doub le ts). Comparison w i th  model data (anhydro TC 
and (69 ) )  a ls o  le a d  to  th e  a s s ig n m e n t o f  C^a (143.4 ppm) and Cga 
(138.4 ppm) resonances .
125.6 118.1
( 6 8 ) (69)
Assignment o f the re m a in in g  q u a te rn a ry  carbon s ig n a ls , except th a t  o f
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C2 (98.2 ppm) p resen ts  some d i f f i c u l t y .  Chemical s h i f t s  o f  the th re e  
s ig n a ls  s t i l l  l e f t  to  be a l lo c a te d  (105.2  ppm and tw o  nea r 115 ppm) 
a re  a p p ro p ria te  fo r  C1Qa and C11a, but seem too low  , f o r  C6 (c f.
130.6 ppm i n  a nh yd ro  TC). B u t t h i s  lo w  f i e l d  s h i f t  may p ro v id e  a 
c lu e  to  th e  c o n f ig u r a t io n  o f th e  m o le c u le  i f  th e  s te re o c h e m is t ry  
a b o u t C  ^ i s  such th a t  Cg i s  s u b je c t  to  s t e r i c  p o la r iz a t io n  by th e  
bu lky r in g  A m o ie ty .
The p resence  o f f o u r  t e r t i a r y  ca rb o n  (CH) s ig n a ls  ( a l l  d o u b le ts  i n  
the  c o u p le d  s p e c tra ) ,  nam ely a t  7 6 .0 , 70.8 and 45.0 ppm, s u p p o r t  the 






The th re e  s ig n a ls  t o  lo w e r  f i e l d  a re  a s s ig n e d  to  C^, C5 and C ^ a  
s ince  a l l  these carbons a re  lin k e d  to  oxygen or n itro g e n , w h ile  the 
h ig h e s t  f i e l d  m ust a r is e  fro m  Cj^a. The C  ^ and [Cg m e th y l]  ca rb o n s  
a re  a s s ig n e d  63.5 and 13.8 ppm by c o m p a ris o n  w i t h  c o rre s p o n d in g
18 3
carbons o f  TC and anhydro TC re s p e c t iv e ly .
The spectrum o f  a  -apo OTC may be assigned by analogy. D iffe re n c e s  
i n  c h e m ic a l s h i f t s  a re  m o s tly  s m a ll and a re  m ost n o ta b le  a t  C^ 
( s h i f t s  to  h ig h e r f ie ld ) ,  C10 and s h i f t s  to  lo w e r f ie l d )  and
( ** 34.4 ppm: (3 45.0  ppm ). E v id e n c e  f o r  th e  e x a c t
s te re o c h e m ic a l d i f fe r e n c e  be tw een  a  and (3 is o m e rs  i s  p re s e n te d  
e ls e w h e re  (C h a p te r 2 ) . D e te c t io n  o f  apo-OTC im p u r i t i e s  i n  th e  
spec trum  o f an OTC sam ple  i s  b e s t made by the o b s e rv a t io n  o f th e  
s ig n a ls  to  h ig h  and low  f i e l d  re s p e c t iv e ly  o f the resonance extrem es 
o f the parent compound. Chemical shifts in Table 25.
ISO-CHLORTETRACYCLINE BASE 
1 3C NMR (Spectrum 19)
13The C NMR spectrum of iso CTC was run in Dmso.d /TMS atO
22.5 MHz. The chemical shifts are listed in Table 27.
17 signals (some duplicated) are observed in the spectral 
region to low f i e l d o f  the solvent multiplet. Duplications 
are assumed to be due to the isomeric nature of the product 
(about C^).
The lowest field signal pair (205.4, 205.3 ppm) is assigned
to C which is ketonic in the iso CTC formulation (enolic












in CTC). The 191.2 ppm resonance is assigned to C^ (ketonic
in both iso CTC and CTC) and the 188.9, 188.4 ppm pair to C^
(probably attached to the ionised O H ) . The CONH^ carbon
resonance of iso CTC (171 ppm) is close to that of CTC (172)
The 165.7 and 156.8 ppm resonances are appropriate values for
C ^  (lactone carbonyl) and c ^0 (phenolic) respectively,
while the 149.2 ppm resonance may be attributed to C (cf.
6a
phthalide model, page 222 ). The 137.0 and 119 ppm resona-
nces(of characteristic broad appearence) must be due to the
C and C aromatic carbons of ring D r while those at 114.8 o y
and 112.4 ppm probably arise from C and C (note C is
JL O  cl /  /
distinctly low field, cf. CTC 121.4 ppm).
The rest of the low field assignments (see Table 27 ) follow
from comparison with the spectra of CTC and the phthalide
model 68 (page 222, for C )
6
The two broad signals (71.1, 66.7 ppm) are attributed to C^
of the epimers. The high field spectral region displays two 
CH^ signals (broad 24.5 and 29.6 ppm) which may be assigned to 
C^ _ and (the iso CTC formulation requires an extra
feature). Resonances appropriate to C , C , NMe and C -4 a. 5 a 2 6
methyl are also present in the spectrum (most clearly 
revealed by an INEPT experiment).
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T a b le  27 . NMR c h e m ic a l s h i f t s  o f  is o  CTC base i n  Dm so. dg/TMS. 
U n d e rlin e d  resonances are obscured by the s o lv e n t m u lt ip le t .  (TMS=0
PPm)
Chemical shifts (ppm) Carbons









114.8, 112.4 10a, 7
100.9, 99.9 2
86.1 6
81 .3 , 80.5 12a




29 .6 , 24.5 11a, 5a
21.4 Cg-CHj
19 3
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QUANTITATIVE STUDY OF TETRACYCLINES BY 13C NMR 
INTRODUCTION
F o u r ie r  t ra n s fo rm  p ro to n  d eco up led  ^3C s p e c tro s c o p y  a l lo w s  th e  
o b s e rv a tio n  o f carbon resonances as s in g le ts  a t  the ra te  o f one l i n e  
per s e t o f  e q u iv a le n t  ca rbon  a tom s i n  th e  in v e s t ig a te d  m o le c u le . 
T h is  f a c t  c o u p le d  w i th  th e  w id e  range o f c h e m ic a l s h i f t s  o f ca rb o n  
atoms (0-220 ppm), makes ^3C-NMR an a t t r a c t iv e  to o l fca? a n a ly s is  o f  
o rgan ic  compounds or o rgan ic  m ix tu res . In  q u a n t i ta t iv e  a n a ly s is , as 
opposed to  ro u t in e  q u a l i t a t iv e  programmes, the  nece ss ity  fo r  accu ra te  
in te n s i t y  measurements re q u ire  o p e ra tin g  c o n d it io n s  which a re  q u ite  
d i f f e r e n t  fro m  those  r o u t in e ly  used. A lth o u g h  th e  t h e o r e t ic a l  
aspects  o f  q u a n t i ta t iv e  a n a ly s is  are a t t r a c t iv e ,  the p ra c t ic a l s teps 
a re  q u i te  d i f f i c u l t .  These d i f f i c u l t i e s  a r is e  due to  the  ve ry  na tu re  
o f the 13c n u d e i : -
1) The resonance  s ig n a l i s  v e ry  weak due to  th e  lo w  n a tu r a l 
abundance (1.1 % o f the to ta l  carbon), and low  m agnetic  moment
o f the  13c n u c le i.
2) The r e la x a t io n  t im e s  fa ?  13q n u c le i are much g re a te r then 1 H, 
c o n s e q u e n tly  th e re  i s  a s ig n i f i c a n t  r i s k  o f s a tu r a t io n .  Long 
pu lse de lays (5xT-j) a re  re q u ire d  which in c rea se  the  to ta l  tim e  
taken f o r  the experim ent.
3) N u c le a r O verhauser E f fe c t  (NOE). T h is  r e s u l t s  fro m  th e  b road
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band d e c o u p lin g  o f  p ro to n s , p ra c t is e d  to  s im p l i f y  th e  sp e c tru m , 
w h ic h  produce  s a n in c re a  s e i n s ig n a l i  n te n s i t i e  s w h i ch u n f o r t  una t e l y  
is  not c o n s is te n t over the w hole  chem ica l s h i f t  range. Hence fo r  
q u a n t i ta t iv e  work, NOE has to  be e lim in a te d  e.g, by gated decoup ling . 
T h is  r e s u l t s  i n  v e ry  much re d u ce d  s ig n a l in t e n s i t y ,  w h ich  i n  t u r n  
makes i t  v e ry  d i f f i c u l t  to  e i t h e r  m easure the  s ig n a l i n t e n s i t i e s  
m anua lly or measure the  in te g ra t io n  v e c to r.
The a c c u m u la t io n  o f these  p ro b le m s  i s  r e s p o n s ib le  f o r  the  s m a ll 
number o f p u b l ic a t io n s  ab o u t th e  q u a n t i t a t iv e  aspects o f  ^ c a rb o n . 
One of the s o lu t io n s  around th e  lo n g  s p i n - l a t t i c e  r e la x a t io n  t im e s  
i s  to u s e  p a ra m a g n e t ic  r e l a x a t i o n  a g e n ts  such  as c h ro m iu m  
tr is (a c e ty la c e to n a te )(F re e m a n  e t  a l .  1971; Levy and C a r g io l i  1973). 
These a g e n ts  a re  persum ed to  s h o r te n  lo n g  s p i n - l a t t i c e  r e la x a t io n  
t im e s  and e l im in a te  th e  NOE. However Levy and E d lund  (1975 ) do n o t 
com p le te ly  agree w ith  t h is  genera l assum ption and recommend th a t  the  
use o f these agents be s tro n g ly  r e s t r ic te d  i n  q u a n t i ta t iv e  ana lyses 
s in c e  th e  NOE1 s may n o t be e f f e c t i v e l y  supp re ssed  i n  th e  g e n e ra l 
case. The r e s u lt s  ob ta in e d  i n  the present study are c o n s is te n t w i th  
th e  above recommendation.
K o u n to u re ll is  (1982) worked on th e  q u a n t i ta t iv e  NMR o f gentam ycin  
em ploying two d i f f e r e n t  types o f m ethods:-
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1) C a l ib r a t io n  p lo ts  o f  peak h e ig h t  r a t i o s  o f  a n a ly te  to  in t e r n a l
s tandard resonance in te n s i t ie s  recorded under c o n d it io n s  o f f u l l  
r e la x a t io n .
2) Steady s ta te  experim ent and the  use o f w e ig h tin g  fa c to rs .
The q u a n t i ta t iv e  w ork d u rin g  the present study was c a r r ie d  ou t us ing  
the  above method number 1.
RESULTS AND DISCUSSIONS
The i n i t i a l  p rob lem  was th e  ch o ic e  o f a s u i t a b le  in t e r n a l  s ta n d a rd  
(IS ), w h ich  must be o f a comparable s tru c tu re  i,e . s im i la r  m o lecu la r 
w e igh t and most im p o rta n t s im i la r  T-j va lues (a p p ro x im a te ly  measured 
by W^/2 w h e re  i s  th e  w id th  ° f  th e  resona nce  peak a t  h a l f
h e ig h t) .  V arious an throqu inone d e r iv a t iv e s  and s te r io d s  were tes te d . 
P ro g e s te ro n e  seemed to  g iv e  the b e s t r e s u l t s  ( S p e c t r u m  20 ) . The 
c h e m ic a l s h i f t  a s s ig n m e n ts  o f  p ro g e s te ro n e  a re  as p u b lis h e d  by 
S to th e rs  (1972 ).
At t h is  stage i t  i s  a d v is a b le  to  p o in t out th e  m ain reasons fo r  
v a r ia t io n s  i n  the resonance in te n s it ie s .
a) Rj. pulse may not have enough power to  i r r a d ia te  a l l  the n u c le i 
e q u a lly  e f f e c t iv e ly .
p r o t o n a t e d  
c a r b o n s  4
c a r b o n  17 14 19Progesterone:
I * / ' .
n o n - p r o t o n a t e d  
p r o - t o n a t e d
- A J
TC HC1 c a r b o n s  1 2 a , 4 , 6
< ------------------
: • - .Dmso . d
D e s i r a b l e  r a n g e
TMS
CO
S p e c t r u m 2 0 13C NM R s p e c t r u m  of TC HC1 and p r o g e s t e r o n e  in D m s o 0d & /TMS. (partial s p e c t r u m  only)
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b) The computer may not have enough data p o in ts  to  com p le te ly  d e fin e  
a l l  the peaks. The maximum re s o lu t io n  ob ta in e d  from  a pulsed FT 
sp e c tru m  i s  o f t e n  d e te rm in e d  by th e  l i m i t a t i o n s  i n  com pute r 
s to rage ra th e r  than m agnetic  inhom ogeneity. I f  the  re s o lu t io n
i s  such th a t  a g ive n  s ig n a l i s  not f u l l y  d e fin e d  by the data p o in ts , 
the r e s u lt in g  s ig n a l a f te r  tra n s fo rm a tio n  may be much reduced. The 
s o lu t io n  to  t h is  problem i s  to  run  th a t  p a r t  o f the spectrum a t 
a much reduced sweep w id th . T h is  w i l l  g ive , f o r  the same number o f 
data p o in ts , a much im proved r e s o lu t io a
c) R e la x a tio n  tim e  v a r ia t io n s : -  T h is  i s  by f a r  th e  m ost im p o r ta n t
fa c to r  i n  th e  la rg e  in te n s i t y  v a r ia t io n s  observed i n  th e  13c 
spectrum. One o f the s o lu t io n s  to  th is  problem i s  to  in s e r t  a 
lo n g  enough pulse delay (5xT^) to  a llo w  the  carbon atoms to  
re la x  back to  th e ir  e q u il ib r iu m  m ag n e tisa tio n . S ince a la rg e  
pulse delay is  employed, a 90° pulse i s  n o rm a lly  a p p lie d  to  
a c h ie v e  op tim um  r e s u l t s .  One im p o r ta n t  f a c t o r  i s  th a t ,  i n  
genera l the la rg e r  the m olecu le  the  s h o rte r the r e la x a t io n  tim e s . 
Thus these e f fe c ts  become much le s s  severe f o r  la rg e r  m olecu les.
d) D i f f e r e n t ia l  NOE e f fe c ts : -  For a carbon re la x in g  e x c lu s iv e ly  by
d ip o le -  d ip o le  re la x a t io n ,  NOE has the maximum va lue  o f  1.99* the 
s ig n a l in t e n s i t y  w i l l  in c re a s e  by app rox. 3 (1 + 1 .9 9 ). G ated 
decoup ling  i s  used to  remove a l l  N0&
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Since an in te rn a l standard (p rogeste rone) is  in c lu d e d , i t  was decided 
to  r e t a in  th e  NOE on the a s s u m p tio n  th a t  the  enhancem ent e f f e c t s  
w ould be s im i la r  fo r  the a n a ly te  and the  standard s ig n a ls ,
50.7mg o f TC.HC1 and 50.0mg o f p ro g e s te ro n e  w ere  d is s o lv e d  i n  0 .5 m l 
o f  Dmso.dg. S p e c tra  w e re  ru n  a f  te r  2000 scans (S pectrum  21 ) ,  and 
d a ta  r e d u c t io n  was c a r r ie d  o u t u s in g  e x a c t ly  the  same v a lu e s  (see 
T a b le  28). R a tio s  o f  a n a ly  t e / I . S  w e re  c a r r ie d  o u t and s ta n d a rd  
d e v ia t io n  were c a lc u lta te d .
As can be seen f ro m the tabl e, the s t a n d a r d  d e v i a t i o n  
v a l u e s  a r e  f a i r l y  high, the b e s t  v a l u e s  o b t a i n e d  for 
p e a k  are r a t i o  (18/21) 4.1%.
Pe ak s  5, 9, 10 and 18 b e l o n g  to TC HC1











S p e c t r u m  21. C NMR  s p e c t r u m  of a m i x t u r e  of TC HC1 (50.7 mg) and p r o g e s t e r o n e  (50.0 mg) 
in D m s o .d ^ / T M S . P e a k  area  r at i os  (ob tai ned  from the c o m p u t e r  p r i n t  out) and p e a k  h e i g h t  (mm) 
r a t i o s  were m e a s u r e d  for the p e a k s  w h i c h  have b e e n n um b e r e d .
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T a b le  28 Peak i n t e n s i t y  ? r a t i o s  and  p e a k  h e ig h t  r a t i o s  
( a n a ly te / I .  S .)
Peak area r a t io s
Pk. No.^ Run1 Run2 Run3 Run4
18/21 .578 .629 .547 .584
18/23 .601 .815 .699 .632
10/12 .653 .407 .318 .431
9/12 .793 .737 .551 .608
5/8 .512 .559 .635 .517
5 /2 .614 1.04 .612 .818







Peak h e ig h t r a t io s
♦
18/21 .396 .649 .530 .586 .650 .591 8.6?
18/23 .512 .847 .678 .654 .776 .650 10.54?
10/12 .667 .370 .304 .386 .437 .409 11.4?
9/12 .813 .720 .518 .621 .775 .561 10.9?
5 /8 .511 .537 .634 .505 .539 .769 9.4?
5/2 .608 .945 .604 .803 .700 .702 11.8?
♦  Please r e fe r  to Spectrum 21 f  or Peak numbers.
Data re d u c tio n  c a r r ie d  ou t us ing  fo l lo w in g  computer s e t t in g s : -
No. o f scans 2000, Po 128, BA 1, NL 540 , TH 1000, P.d. 1.2 s, p u ls e
w id th  4 j is .
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In  th e  second expe rim ent, a pulse delay o f 10s (5xT^) was employed. 
T h is  s h o u ld  a l lo w  enough t im e  f o r  r e la x a t io n  back to  the  o r ig i n a l  
le v e l  o f m a g n e t is a t io n  o f  th e  s p in s . A t o t a l  o f  2500 scans w e re  
recorded be fo re  the spectrum  was p r in te d . A t o ta l  o f f iv e  d i f f e r e n t  
runs were c a r r ie d  ou t and th e  standard  d e v ia t io n  o f the  peak h e ig h t 
and peak area r a t io s  were c a lc u la te d . The appearence o f the spec tra  
was ve ry  poor and o f te n  th e  peaks were not recorded  by the  computer. 
The n o is e  1 e v e l was v e ry  h ig h  w i t h  t h is  e x p e r im e n t.  B e s t s ta n d a rd  
d e v ia t io n s  w e re  c a lc u la te d  u s in g  peak h e ig h t  r a t i o s  o f  peaks 9 /1 2  
(SD. 0 .28$) and peak a re a  r a t i o s  o f  peaks 10 /12  (SD. 5 .6 1 $ ).
Since th e  r e s u l t s  were not s a t is fa c to ry  w ith  10s pulse de lay, i t  was 
decided to  reduce the sweei>-width fro m  5000& to  2500Hz. T h is  w ou ld  
a llo w s  g re a te r number o f data p o in ts  to  d e fin e  th e  peaks, a lthough  a 
c o rre s p o n d in g  g r e a te r  number o f scans have to  be a c c u m u la te d  to  
ach ieve a reasonab le  spectrum.
Equal am ounts o f  TC.HC1 and p ro g e s te ro n e  (5 0 mg) w ere  d is s o lv e d  i n  
Dmsotdg. A t o ta l  o f  14095 scans were accum ulated. Due to  i t s  sm a ll 
i n t e n s i t y  peak A (S pectrum  2 2 )  was o f te n  n o t r e g is t e r e d  by th e  
com pute r. T h e re fo re  m ost o f th e  r a t i o s  a re  c a lc u la te d  u s in g  peak 
h e ig h t measurements. The r e s u l t s  o b ta ined  a re  l i s t e d  i n  Tab le  29
D is re g a rd in g  Run 1, w h ic h  gave c o n s is te n t ly  h ig h  v a lu e s ,  lo w e s t  
s tandard  d e v ia t io n  o f 0.9$ was o b ta in e d  f o r  peak r a t i o  A/G, but t h is  
i s  s t i l l  h ig h e r than the acce p ta b le  0.5$ e r ro r  l i m i t .
S p e c t r u m  22 1 3 C NMR  s p e c t r u m  of a m i x t u r e  of TC HC1 and p r o g e s t e r o n e  in Draso.d / T M S
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Table 2 9. Peak height ratios of TC HC1 and Progesterone
(50mg o f each), d is s o lv e d  in  Dmso.d5/TMS, sweep w id th  2500 
Hz, 140 95 scans, 3 0 °  p u ls e , p.d. 1.2s
RUN1 RUN2 RUN3 RUN4 KUN5 RUN6 RUN7 a  DEV I  AT ION
♦
A/C .800 .526 .362 .512 .429 .375 .411 6.3$
A/D .629 .3 85 .343 .362 .365 .420 .383 2.4$
A/E .629 .385 .291 .438 .355 .44 8 .349 5.4$
B/C 1.11 1.00 .536 .756 .699 .450 .786 17.8$
B/E .872 .731 .430 .646 .579 .537 .667 9.8$
B/D .872 .731 .507 .535 .5 95 .514 .733 9.6$
A/F .344 .182 .171 .210 .190 .185 .189 1.2$
A/G .220 .122 .106 .117 .103 .128 .107 0.9$
B/F .477 .327 .254 .310 .309 .220 .361 4.6$
B/G .305 .219 .158 .172 .168 .154 .204 2.4$
Up t i l l  now a l l  the  expe rim en ta l r e s u lts  were ob ta ined  u s in g  5 mm 
O.D. tu b e s . I t  was n o t p o s s ib le  to  in c re a s e  the  c o n c e n tra t io n  o f  
t e t r a c y c l in e  or p ro g e s te ro n e  to  m ore th a n  50 mg s in c e  s t ro n g e r  
s o lu tio n s  fo rm ed p re c ip ita te s .  I t  was decided to  use 10mm O.D. tubes 
w i th  1.5m l o f  Dmso.dg in s te a d  o f  0 .5m l p r e v io u s ly  used. T h is  w o u ld  
a l lo w  much more s o l id  to  be d is s o lv e d  r e s u l t i n g  i n  a b e t t e r  S/N 
r a t i o .  The s p e c tra  w e re  a l l  ru n  u s in g  ZERO F ILL  te c h n iq u e .
Four d i f f e r e n t  types o f expe rim en ts  were a ttem pted .
(♦ p l e a s e  r e f e r  to S p e c t r u m  22 )
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1) 30° pulse, ptd.= 1.2s, 1200 scans, com plete decoupled spectrum ,
s p e c tra l w id th  5000Hz.
2) 30° pulse, p.d.= 1.2s, 1200 scans, gated decoupled spectrum (NNE),
s p e c tra l w id th  5000Hz.
3) 90° pulse, p.d.= 10s, 1600 scans, gated decoupled spectrum (NNE),
s p e c tra l w id th  5000Hz.
4) 90° pulse, {xd.= 10s, 1600 scans, com plete decoupled spectrum ,
s p e c tra l w id th  2500Hz
200mg o f  both  TC HC1 and p ro g e s te ro n e  w e re  d is s o lv e d  i n  1.5m o f 
Dmso.dg. A few  d ro p s  o f TMS w e re  added. A p a r t  fro m  m a n u a lly  
measuring th e  peak h e ig h ts , in te g ra t io n  v e c to rs  (IV ) were a lso  used 
as fo l lo w s : -
-----------► IV o f pks c, D, E w ere  measured
 >  IV o f pk3 C,D,E were measured
set IV=1 set IV=1
i I
P e a k
A Pe ak B
The r e s u lts  ob ta ined  i n  these fo u r  experim ents a re  l i s t e d  i n  Tab le  30. 
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I n t e g r a t i o n  v e c t o r s
COM
.5 4 29 1 .0 .5588 1 .0 .5938 1 .3 .8286 .79 .8529 .85 .9063 .99  . . .Run 3
(I V ) for TC and .5714 1 .3 9 .5455 1.34 .6154 1 .76 .6429 1 .04 .6136 .92 .6923 1 .2 3 . . .Run 4
p r o g e s t e r o n e  
peaks. Peaks 
A and B b el o n g  
to TC HC1 and 
peaks  C ,D and E
5000_Hz_ -1-229 2 .2 5 .5647 1 .65 .5783 2 .2 8 ..8750 1 .1 8 ^8235 .89 .8434 1 .2 1 . . .Run 5
S tand ard  d e v i a t i o n _4.2%_ 5 3 . 1 4.6%_ x _ 2 .6 3_.8%_ x 3 .5 9.2%_ x . 9 8_.8%_ x_^98 6^99% x 1 .2
2)
3 0 ° p u ls e ,  












































are due to NNE .6154 1.1 .6154 .62 .6316 1.1 .9487 .68 .9487 .5 0 .9737 .81 . .Run 4
p e o g e s t e r o n e . 
(for r e f e r e n c e
5000 Hz _ .8 65 4 1 .0 _ .7500 • 82_ .9000 ^83_ 1 .2 69 1 .1 0 0 1 .1 1 .3 2 0 ___ . .Run 5
S tand ard  d e v i a t i o n _17.8% x _ 1 .2 24.2% x _ 186 28^9% x_^96 10.2% x _ . 8 i 16.3% X _ . 71 18.5% x .73
see S p e c t r u m  22) • 3)
IV of p e ak  A is set 
to 1.0 and the
IV v al u e s for the
9 0 ° p u ls e , 















































p ea ks  C ,D and E are 5P00_.§z_____________ _14828 1 .0 _ ^4667 1.2_ .5000 .79_ K  103 z 90_ 1^067 i l l K i 4 3 .56__ . .Run _5_
rec ord ed . S i m i l a r l y S tand ard  d e v ia t io n 4.7% 5 .91 5^9% x _ 1 .0 4.6%_ x .81 8.42% _ 1.1 7.5% x .81 10.43% x .85
wi in peax ts.
4)
9 0 ° p u ls e ,  
































COM .2 9 58 ---- .2308 --- .2593 ----- .4648 ---- .3626 ----- .4074 --- . .Run 4
2500_Hz__ .3 6 00
---- .3000 --- .3000 ----- .5200 ---- .4333 ---- .4333 ---- . .Run 5





(ra n g e  3.8$ to  9 .2 $ ). T h is  may be due to
a) D i f f e r e n t ia l  NOE e f fe c ts .
b) Longer pulse delay requ ire d .
c) B igger pu lse  re q u ire d .
d) Progesterone i s  not a s u ita b le  in te r n a l standard.
To e l im in a te  (a ) f program m e 2 was ru n  on the same sam ple bu t und e r 
gated decoupled c o n d itio n s . The standard  d e v ia t io n  va lu e s  w ere even 
worse than before  (range 10.2$ to  28.9$). The peak h e ig h ts  w ere ve ry  
lo w  a lo n g  w i th  S /N  r a t i o ,  in c re a s in g  th e  p e rce n ta g e  e r r o r  i n  peak 
h e ig h t measurements. Programme 3 and 4 were ru n  to  employ c o n d itio n s  
(b) and (c) s ta te d  above. Since la rg e s t  T^ va lues o f TC HC1 fo r  peak 
A and B (C h a p te r 2) i s  2s, a p u ls e  d e la y  o f  10s sh o u ld  be s u f f i c e n t  
to  a llo w  com plete re la x a t io n .  The s tandard  d e v ia t io n  va lu e s  ob ta in e d  
f o r  program m e 3 w ere  s t i l l  to o  h ig h  (ra n g e  4.7$ to  10.43$)9 b u t IV 
v a lu e s  w e re  th e  b e s t ones a c h ie v e d  so f a r  (ra n g e  0.81 to  1.1 
expected v a lu e = 1. 0).
The f o u r t h  program m e was ru n  w i t h  a sweep w id th  o f 2500Hz. T h is  
a llo w s  tw ic e  the data p o in ts  f o r  h a l f  the spectrum. No improvement 
i n  th e  standard  d e v ia t io n  was n o tic e d  (range 2.7 to  7.5$ ), and s ince  
the  peaks w e re  tw ic e  as b road  i t  was im p o s s ib le  to  in t e g r a te  them. 
One f i n a l  program m e was ru n  w i t h  same e x p e r im e n ta l c o n d it io n s  as 
programme 4 except sweep w id th  was 5000Hz. The standard d e v ia t io n  




I t  i s  c le a r  from  a l l  the r e s u lt s  o b ta in e d  th a t  13c i s  no t the  method 
of cho ice  f o r  q u a n t i ta t iv e  measurements; There are so mary d i f fe r e n t  
v a r ia b le s  in v o lv e d , th a t  i t  i s  ve ry  d i f f i c u l t  to  o b ta in  c o n s is te n t 
read ings.
From th e  e x p e r im e n ta l da ta  , th e  f o l l o w in g  p o in t s  need to  be 
considered very  c a re fu lly  be fore  s ta r t in g  q u a n t i ta t iv e  measurements 
by 13C NMR.
1) Choice o f a s u ita b le  in te r n a l s ta n d a rd :-
The compound sh o u ld  be o f a s im i la r  s t r u c tu r e  and m o le c u la r  
w e ig h t.
Thepeaks chosen should have s im i la r  s p l i t t i n g  p a t te rn  to  th a t  o f 
the a n a ly te  i.e . both o f the carbons should e ith e r  be p ro tona ted  o r 
non -p ro tona ted .
2) C o ncen tra tion  i n  s o lu t io n : -
I t  i s  best to  d is s o lv e  as much s o l id  as p o s s s ib le  depending on 
s o lu b i l i t y .  10mm Q.IX tubes a re  recommended.
3) P u lse  d e la y : -  The p u lse  d e la y  s h o u ld  be la r g e  enough to  a l lo w
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complete relaxation e.g. 5 x T|,
4) Pulse w id th : -  I f  a la rg e  enough pulse de lay i s  used i t  i s  best to  
use 90° pulse to  o b ta in  optimum m a g n e tisa tio n .
5) Complete o r Gated decoupled spectrum :-
I t  i s  d i f f i c u l t  to  d e c id e  be tw een  th e  tw o. C om plete  deco up led  
(COM) sp e c tru m  a l lo w s  d i f f e r e n t i a l  NOE, b u t w i th  the  ga ted  
decoupled (NNE) spectrum , the number o f scans accum ulated have to  be 
in c rea sed  co ns ide rab ly .
6) Zero f i l l i n g : -  Th is  techn ique a llo w s  more data p o in ts  f o r  the 
re s o lu t io n  spectrum. I f  p o s s ib le  t h is  should be employed.
7) In s te a d  o f  m easuring peak h e ig h t in te n s i t ie s  m anua lly , m easuring 
th e  in t e g r a t io n  v e c to r  by co m p u te r i s  recom m ended, s in c e  the  
e r ro r  i n  base l in e  s e t t in g  w ould be constant.
F in a lly ,  some w ork  was c a r r ie d  o u t w ith  the  re la x a t io n  agent Cr acac. 
Using 0.1 M Cr acac, the va lues w ere ve ry  much h ig h e r than those o f 
the pure  sam ple , bu t u s in g  0.05M Cr acac  th e  T<j v a lu e s  d ropped  
c o n s id e ra b ly .  S ince  no c o n s is te n c y  was a c h ie v e d  u s in g  Cr acac, 
fu r th e r  w o rk  was no t a ttem pted  us in g  r e la x a t io n  a g e n ta
2 1 0
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As re fe ren ce  compounds p lay  a m ajor r o le  i n  th e  a ss ig n in g  o f  the JC 
NMR chem ical s h i f t s  o f te tra c y c l in e s ,  i t  was considered im p o rta n t to  
g roup  a l l  th e  re fe re n c e  compounds i n  one s e c t io n ,  so t h a t  th e  
chem ical s h i f t  assignm ent evidence could be re fe r re d ,  as a p p ro p ria te , 
to  any p a r t ic u la r  compound.
L ite ra tu re  data on many o f the re fe re n ce  compounds a re  a v a ila b le  i n  
n o n -p o la r  s o lv e n ts  e.g. cyc lo h e x a n e  e tc .  S in c e  the  t e t r a c y c l in e s  
re q u ire  p o la r so lve n ts , spectra  o f many o f the simpiLe compounds used 
as standards have been examined in  Dmsadg to  de te rm ine  the magnitude 
o f the  s o lv e n t  e f f e c t .  Benzene i s  ta k e n  as th e  s t a r t in g  p o in t  f o r  
s h i f t s  o f the  p h e n o lic  r in g  o f t e t r a c y c l in e s  ( r i n g  D ); th e  
chem ical s h i f t  o f  benzene i s  128.4 ppm from  TMS in  Dmso.dg. Unless 
in d ic a te d  o th e rw ise , a l l  the chem ical s h i f t s  a re  in  ppm w ith  TMS = 0 
ppm. In  r e p o r t in g  s h ie ld in g  in f lu e n c e s  o f  a s u b s t itu e n t a +ve va lue  
in d ic a te s  d e s h ie ld in g  (move to  a la r g e r  c h e m ic a l s h i f t )  and a -v e  
v a lu e  in d ic a te s  s h ie ld in g  (move to  a s m a lle r  c h e m ic a l s h i f t ) .  The 
chemical s h i f t s  data  i s  summarised i n  Tab le 31 •
PHENCL
The h yd ro xy  g ro u p  a t ta c h e d  to  benzene has th e  fo l lo w in g  in f lu e n c e s
Tab le  3 1 . NMR c h e m ic a l s h i f t s  o f  some mono and d is u b s t i t u te d  
benzene d e r iv a t iv e s  in  Dmso.dg, in  ppm f r o  TMS (benzene 128,4 ppm)
S u b s titu e n t C1 C2 C3 C4 C5 c6
OH 156.8 115.9 129.9 120.3 129.9 115.9
1 -OH, 4 - d 156.4 117.1 129.2 123.1 129.2 117.1
nh2 148.2 114.7 129.1 116.8 129.1 114.7
NMe2 150.7 112.6 128.9 116.4 128.9 112.6
1-0H,4-NH2 148.6 115.8 115.8 140.4 115.8 115.8
a f te r  NaOH 161.2 119.5 119.0 134.0 119.0 119.5
SOg Ca s a l t 147.1 125.5 127.7 128.9 127.7 125.5
1-S03 ,4-Me 144.7 126.0 128.5 138.7 128.5 126.0





desh ie lds s tro n g ly  (+ 2 7 .2 , 156.8 ppm)
Cg w eak ly  (+ 1 .8 , 129.9 ppm)
s h ie ld s  C2 s tro n g ly  ( -1 2 .6 ,  115.1 ppm)
s tro n g ly  (-7 .9 »  129.9 ppm)
The o ff-resonan ce  spectrum o f phenol in  Dmso.dg showed, as expected, 
one s in g le t  and one d o u b le t  o f  lo w  in t e n s i t y  and two d o u b le ts  o f  
r e la t iv e ly  g re a te r in te n s i t y  (due to  the  e q u iv a le n t C2 ,Cg and C^iC^). 
The s in g le t  a t  156.8 ppm i s  assigned to  and the doub le t w i th  lo w e r 
in t e n s i t y  a t  120.3 ppm i s  a s s ig n e d  to  C^. The OH g roup  s h ie ld s  C2 
the  m ost th u s  p u s h in g  the  s ig n a l u p f ie ld ,  and d e s h ie ld s  th u s  
d is p la c in g  th e  s ig n a l d o w n fie ld . Hence the  dou b le t a t  115.9 ppm i s  
a s s ig n e d  to  C2 and t h a t  a t  129.9 ppm to  C^. V a lu e s  q uo ted  by 
S to th e rs  (1972) were ob ta ined  from  cydohexane s o lu tio n s  and a re  ve ry  
s im i la r  to  the  ones o b ta in e d  in  Dmso.dg. T h e re fo re  the  s o lv e n t  
e f fe c t  i s  seen to  be n e g lig ib le .
Dm so. dg Cydohexane






The c h lo r in e  atom  in f lu e n c e s  a ro m a t ic  ca rb o n s  (S to th e rs ,  1972) as 
fo llo w s :
d e s h ie ld s  (+6.*i ppm), Cg (+0*2 ppm) and (+1 .0ppm ), bu t s h ie ld s  
C|| ( -2 .0  ppm). T h e re fo re  th e  e f f e c t  o f  in s e r t in g  a c h lo r in e  atom 
para to  the  hydroxy group o f  phenol i s  p re d ic te d  to  move C-j and C2 o f 
phenol u p f ie ld  by a few ppm and C2, d o w n fie ld  by a few ppm and 
to  have a n e g lig ib le  e f fe c t  on C^.
The r e s u l t s  o b ta in e d  were as expected, except f o r  the sm a ll magnitude 
o f the s h i f t  seen a t C T h e  chem ica l s h i f t s  a re  presented i n  Table 3 1 .
OH OH






p-AMINO HI EH CL
The am ino g ro u p  d e s h ie ld s  C-j, and s h ie ld s  C2 , C^ (61 ,  page 148) i.e.
i t  behaves ve ry  s im ila r  both in  d i r e c t io n  and o rde r o f e f fe c t  to  the 
hydroxy group. In s e r t io n  o f an am ino group, para to  OH o f phenol, is  
th u s  p r e d ic te d  to  move the  C^, re s o n a n c e s  s ig n i f i c a n t l y  u p f ie ld  
(9 -1 3  ppm) and e f f e c t  a la r g e  d o w n f ie ld  s h i f t  o f  and a s m a ll 
d c w n fie ld  s h i f t  o f C2 . (R ing numbers app ly  to  pheno l).
The sp e c tru m  showed an in te n s e  reso n a n ce  a t  115.8 ppm in  Dmso.dg 
(d o u b le t i n  the coupled spectrum) w h ich  i s  ass igned to  C2, Cg and C^, 
carbons ( th e  s ig n a ls  o ve rla p , but separa te  when th e  OH i s  io n ise d , 
see below). A problem a r is e s  over the assignm ent o f the two s in g le ts  
a t  148.6 and 140.4 ppm. S ince  th e  s h ie ld in g  e f f e c t s  o f  OH and NH2 , 
upon the  para ca rbon , a re  v e ry  c lo s e  i n  m a g n itu d e  i t  i s  p ro b a b le  
( fro m  s h i f t s  o f  pheno l and a n i l i n e  ) t h a t  th e  lo w e r  f i e l d  
re so n a n ce  i s  due to  the  p h e n o lic  ca rbon . S p e c t r a l s h i f t s  a f t e r  
io n iz a t io n  o f the  p h e n o lic  group co n firm  these assignm ent a
Dmso.dg Dmso.dg + NaOH/HgO
C 1 1 4 8 .8 p p m  I 6 l . 2 p p m  + 13 .4








The m agn itu de  o f s h i f t s  o f  and resonances  o b ta in e d  a f t e r  
io n iz a t io n  a re  c lo s e  to  th o s e  o f  p h e n o l i t s e l f  ( i o n i z a t i o n  
s u b s ta n t ia l ly  augments th e  s h ie ld in g  e f fe c ts  a t  these tw o p o s it io n s  
(S to th e rs , 1972)). The a l te rn a t iv e  assignm ents o f (140.5 ppm) and 
Cj| (148.8 ppm) g iv e s  A 8 va lu e s  th a t  a re  too  la rg e .
ANILINE
As s ta te d  above, i n  th e  case o f p -a m in o  pheno l, th e  am ino g ro u p  
d e s h ie ld s  the  (+ 1 9 .2 ), (+ 1 .3 ) ca rb o n s  and s h ie ld s  Cg ( -1 2 .4 ) ,
Cjj ( -9 .5 ). The spectrum  showed tw o  h igh  in te n s ity  d ou b le ts  , one low  
in t e n s i t y  d o u b le t  and a s in g le .  The f o l l o w in g  v a lu e s  a re  hence 






A n il in e
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N, N-DIHETHYL ANILINE (4 2 )
T h is  m odel i s  u s e fu l f o r  th e  a s s ig n m e n ts  o f  m in o c y c l in e .  The 
spec trum  o f th e  m odel compound, i n  Dmso.dg, w as r e a d i ly  a s s ig n e d  
upon comparison w ith  th a t  o f a n i l in e  i n  th e  same so lve n t. I t  i s  seen 
th a t e x tra  m ethyl s u b s t itu e n ts  have sm a ll e f fe c ts  a t  (2.5 ppm- 
d e s h ie ld in g ) ,  Cg (2.1 ppm - s h ie ld in g )  and n e g l ig ib le  e f f e c t s  a t  Cg 





( 4  2) N, N -d im e thy l amine 
1, 8-DIHYDRO XTNAPHTHALBffi ( 56)
The s p e c t ra l a s s ig n m e n ts  o f  pheno l have to  be c o n s id e re d  to  a s s is t  
the a n a ly s is  o f the model (5 6 ). In  the case o f  1 ,8 -d ih yd ro xy
n a p h th a le n e , th e  m a jo r s p e c t r a l  d i f f e r e n c e  w o u ld  be a t  th e  Cga and 
Cjja carbons s ince  they s u f fe r  double s h ie ld in g  e f fe c ts ) .
In  th e  spectrum run i n  Dmso.dg, th re e  d ou b le ts  appear a t  126.8, 118.9
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and 108.4 ppm w h ic h  a re  a s s ig n e d  t o  C ^ jC g j and C2 ,Cy
re s p e c t iv e ly  on the b a s is  o f s h i f t s  fo r  phenol. These va lues  d i f f e r  
somewhat from  those o f co rrespond ing  phenol carbons, e s p e c ia lly  the  
C2,Cy s h i f t .  T h is  may be a r e s u l t  o f o rtho  d e s h ie ld in g  due to  the OH 
group  and p a ra  s h ie ld in g  v ia  f o u r  bonds due to  th e  second OH g roup , 
hence the s ig n a l s h i f t s  u p f ie ld .  A s im ila r  bu t weaker e f fe c t  i s  seen 
a t  C jpC^. Cjja i s  d e s h ie ld e d  by bo th  OH g ro u p s  w h e re as  Cga i s  
sh ie ld ed  . T he re fo re  the s in g le t  a t  134.9 ppm i s  assigned to  C^a and 
t h a t  a t  114.6 ppm to  Cga. The lo w e r  f i e l d  s in g le t  (154.1 ppm) i s  
c le a r ly  a s s o c ia te d  w i t h  the  ca rbon  d i r e c t l y  l in k e d  to  OH. The 
chemical s h i f t  data i s  l i s t e d  below.
134.9 
5 /  4 .,118.9
114.6
( 56) 1 ,8 -d ih y d ro x y  naphthalene
BEHZEHE SUL IB  CHIC ACID (AS AN2DN) ( 70 )
I t  was re q u ire d  to  de te rm ine  the  in f lu e n c e  o f a s u lp h o n ic  a c id  group 
on th e  a ro m a tic  carbon resonances to  a id  ass ignm ents o f  ch ro m o tro p ic  




1 2 5 .5
127 .7
1 2 8 .9
(70)
The spectrum o f the  ca lc ium  s a lt ,  in  Dmso.dg, d isp la ye d  one s in g le t ,  
one lo w  in t e n s i t y  d o u b le t  and tw o  h ig h  in t e n s i t y  d o u b le ts  c lo s e  
to g e th e r .  The s in g le t  m ust be due to  and th e  lo w  in t e n s i t y  
d o u b le t  i s  a s s ig n e d  to  C^. The tw o  h ig h  in t e n s i t y  d o u b le ts  a re  to o  
c lo s e  to g e th e r  f o r  p re c is e  a s s ig n m e n t and may be in te rc h a n g e d . 
T h e re fo re  the  s u lp h o n ic  a c id  has m a in ly  d e s h ie ld in g  e f f e c t  (+  18.4 
ppm) a t  and i t s  in f lu e n c e  on o th e r  ca rb o n s  i s  n e g l ig ib le .  The 
chem ical s h i f t s  a re  l i s t e d  i n  Table 3 1 .
p-TOLUENE SULPHONIC ACID (Na S a l t )  (  71 )
A s s ig n m e n ts  o f  th e  s p e c t r u m  o f  th e  s o d iu m  s a l t  o f  t h i s  a c id  and  
s h i f t s  s e e n  f o r  th e  lo w e r  h o m o lo g u e 1 (7 0 )  a r e  c o n s is t e n t  w i t h  th e  














in flu e n c e s  o f  CH  ^ group
(+ desh ie lded , -  sh ie ld e d )
(benzene 128.4 ppm)
( 72)
(Abraham and L o ftu s , 1980)
Hence the  e f fe c t  o f the s u lp h o n ic  a c id  may be summarised as fo llo w s :
de s h ie ld s : C1 +18.4 ppm
c4 +0.2
s h ie ld s : C2 -3 .2 ppm
C3 -1 .0
CHROK) TROPIC ACID ( 73)
The su lphon ic  a c id  w ou ld  p re d o m in a n tly  a f fe c t  th e  Cg and Cg chem ica l 
s h i f t s .  The r e s t  o f th e  a s s ig n m n e ts  sh o u ld  be s im i la r  t o  1 ,8 -  
d ih y d ro x y  n a p h th a le n e , as d e s c r ib e d  e a r l i e r .  Hence, by com parison 
the fo l lo w in g  ass ignm ents are confirm ed.
( 73 ) C h ro n o tro p ic  a c id
DUHBANOL (55 )
D ith ra n o l i s  d e s c r ib e d  i n  th e  M erck In d e x  (8 th  e d i t io n )  as 1 ,8 ,9 -  
t r ih y d r o x y  a n th ra c e n e , b u t i t s  s p e c tru m , i n  Dmso.dg, c le a r l y  
shows i t  to  have 1,8 -d ih y d ro x y -9 -k e to  s tru c tu re  ( 55 ). The lew  f i e l d  
reso n a n ce  a t  194.1 ppm i s  ty p c a l o f  c a rb o n y l ca rb o n  and th e  h ig h  







( 55 ) d ith ra n o l
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Of the fo u r  s in g le ts ,  th a t  a t  19*1.1 ppm i s  assigned to  C^q (ca rbony l) 
and  t h a t  a t  162.9 ppm t o  th e  p h e n o l ic  c a rb o n s  (C p C g ) .  
D i f f e r e n t ia t i o n  be tw een  th e  Cga, C^a and C^a,C^Qa may be made by 
re fe re n ce  to  the chem ica l s h i f t s  o f acetophenone ( 5 3 ) and 2-hydroxy 











( 53 ) ( 52 )
( 13C data bank, 1976)
A m e th y l s u b s t i tu e n t  a t  Cg o f  ( 5 2 ) w o u ld  s h i f t  th e  Cg resonance 
d o w n f ie ld ,  hence the  a s s ig n m e n ts  o f  d i t h r a n o l  may be c o n f irm e d  as 
as shewn above.
PHTHALICE ( 68 )
P h th a lid e  i s  a s u i t a b le  m odel f o r  th e  apo d e r iv a t iv e s  o f  th e  
o x y te tra c y c lin e  a n t ib io t ic s ^  The spectrum , ru n  in  Dmsadg, d isp la ye d  
th e  e x p e c te d  e ig h t  s ig n a ls .  On th e  b a s is  o f  th e  o t - t e t r a lo n e
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a s s ig n m e n ts  ( 74 f c o n f irm e d  by e x p e r im e n t) ,  th e  s in g le t  a t  1*17.3 
ppm i s  assigned to  C^a and th a t  a t  125.3 ppm to  Cyg. Me th in e  carbon 




r14 7 . 3
125.3




1 3 3 .1  (T 1 7 .7  s)
( 6 8 ) (74) 
c x - te t r  alone
2-CAHB0XAMID0DMD0NK
The 2 -c a rb o xa m id o d im e d o n e  was prepared i n  th e  la b o ra to ry  fo l lo w in g  
th e  m ethod o f  M u x fe ld t  e t  a l .  (1966 ) as d e s c r ib e d  on page 43. The
n
compound can e x s is t  i n  tw o  ta u to m e ric  fo rm s  as shown below. The JC 
NMR spectrum  was ru n  in  Dmso.dg/TMS and the assignm ents are d iscussed 















2-carboxamidodimedone (2 4 )
F o llo w in g  chem ical s h i f t s  are ass igned .
C«|, Cg 195.9 ppm
C0NH2 173.3 11
C2 100.2 ■
c4 » c6 5 0 .6 , 45.7  ppm 
Cg 30.4 "
M ethyl 27.7 ”
O b s e rv a tio n  o f  th e  tw o  s ig n a ls  f o r  and Cg i s  e v id e n c e  t h a t  th e  
r a te  o f ta u to m e r ic  i n t e r  c o n v e rs io n  o f  ( 2 4 a )  and ( 24 b) m ust be 
s low er than th e  NMR experim ent. Each tautom er may be s ta b a lis e d  by a 
p a ir  o f in tra m o le c u la r  hydrogen bonds as shown below  ( 2 4c). In  
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SCLVEHT OPTIMISATION WITH POUR SOLVENTS TO ANALYSE TETRACYCLINES 
INTRODUCTION
D uring the  past few years, numerous papers have been pub lished  on the  
c h ro m a to g ra p h ic  s e p a ra t io n  o f the  t e t r a c y c l in e  g ro u p  o f d ru g s  
( B u t te r f ie ld  e t  a l.  1975; De Leenheer e t a l.  1977; Mack and Ashworth,
1 978), and o f t h e i r  common im p u r i  t i e  s. T h e ir  assay in  b io lo g ic a l  
f l u i d s  such as u r in e  and b lo o d , f o l lo w in g  th e ra p y  (Sharm a e t  a l .
1 977) has a ls o  been d e s c r ib e d . The p a c k in g  m a te r ia l  used i n  a l l  o f  
these  s tu d ie s  has been s i l ic a - b a s e d ,  e m p lo y in g  a q u e o u s -o rg a n ic  
e lu e n ts  i n  the  pH range  1-2 .5 . There a re  tw o  m a in  d is a d v a n ta g e s  
us ing  t h is  pH range.
1) S ilic a -b a s e d  m a te r ia ls  a re  uns tab le  below pH 2.0 and above pH 8.0, 
because o f h y d ro ly s is  o f the  hydrocarbon su rfa ce  and d is s o lu t io n  o f
the silica respectively.
2 ) As d e m o n s tra te d  i n  th e  pH s t a b i l i t y  s tu d y  (see page 272  ) t 
te tra c y c l in e s  degrade ra p id ly  to  an lyd ro  d e r iv a t iv e s  a t  low  pH.
A t th e  o th e r  end o f  th e  pH s c a le , d e g ra d a t io n  r e s u l t s  i n  th e  
fo rm a tio n  o f the a p o -d e riv a tiv e s .
Hence, th e re  i s  c le a r ly  a need f o r  an a n a ly t ic a l method u s in g  m ild  pH 
c o n d it io n s .  Knox and Ju ra n d  (1979 ) p u b lis h e d  a m ethod u s in g  SAS- 
H y p e rs i l  p a c k in g  m a te r ia l  in  th e  pH range 3 -5 . EDTA was ne ce ssa ry  
f o r  good sepa ra tion . Itoo o rg a n ic  m o d if ie rs  were te s te d , a c e t o n i t r i le  
and d im ethyIfo rm am ide  o f w h ich the  la t t e r  was found to  be s u p e rio r.
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S tu d ie s  e m p lo y in g  m o b ile  phases o f  h ig h e r  pH have been d e s c r ib e d  
u s in g  re v e rs e d  phase ( T s u j i  and R o b e rts o n , 1976) and io n -e x c h a n g e  
(L o ts h e r  e t a l .  7 5 ), a lth o u g h  none a t te m p te d  to  s e p a ra te  a l l  th e  
compunds l i s t e d  i n  Table 3 2 . The re c e n t in t r o d u c t io n  o f the p o ly s ty ­
rene  d iv in y b e n z e n e  m a te r ia l  (PRP-1) p ro v id e d  an o p p o r tu n ity  to  
in v e s t ig a te  a s ig n i f ic a n t ly  d i f fe r e n t  column m a te r ia l w ith  a v iew  to  
p r o v id in g  a m ore s e le c t iv e  c h ro m a to g ra p h ic  sys tem  f o r  as many 
te tra c y c l in e s  as p o ss ib le , w ith o u t em ploying g ra d ie n t e lu t io n .  T h is  
system would th e n  be used to  com plim ent the  and NMR sp e c tro ­
scopy being used fo r  the a n a ly t ic a l and s t ru c tu ra l in v e s t ig a t io n  o f  
the  te t ra c y c l in e  a n t ib io t ic s  and t h e i r  im p u r i t ie s .
I n  o r d e r  t o  re d u c e  th e  n um be r o f  com pounds s t u d ie d  i n  th e  
o p t im is a t io n  o f  th e  c h ro m a to g ra p h ic  c o n d it io n s ,  r e p r e s e n ta t iv e  
compounds were selected. Tetracycline (TC) - and 6-demethyl- 
c h lo r t e t r a c y c l in e  (d e m e th y l CTC) re p re s e n t compounds w ith o u t an OH 
g roup  a t  Cg, b u t h a v in g  d i f f e r e n t  f u n c t i o n a l i t i e s  a t  Cg and Cy. 
Oxy t e t r a c y  c l  in e  (OTC) and  m e th a c y c l in e  re p re s e n t  compounds 
possessing an OH group a t  Cg, a g a in  hav ing  d i f f e r e n t  groups a t  Cg and 
cy. M in o c y c lin e  was a ls o  chosen because o f i t s  a d d i t io n a l  NMe2 a t  
Cy. The m a in  aim o f the  p re s e n t w o rk  was to  d e v e lo p  a s im p le  
a n a ly t ic a l method u s in g  m ild  pH c o n d it io n s  and to  in v e s t ig a te  th e  
re te n t io n  mechanisms in vo lve d .
The s tru c tu re s  o f  the m ain te t r a c y c l in e s  and t h e i r  common im p u r i t ie s  
are presented i n  Table 32 . I t  may be noted th a t the te t r a c y c l in e
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sk e le to n  i s  r ig id .  Most o f  the members o f the fa m ily  possess a 
g re a t  num ber o f  f u n c t io n a l  g ro u p s  w i t h  v a r y in g  pKa v a lu e s . The 
d e g ra d a t io n  p ro d u c ts  a re  o f te n  i  somer s w i t h  o n ly  m ino r s t r u c t u r a l  
d if fe re n c e s  from  the parent compound.
Tab le  32 : S tru c tu re s  o f  T e tra c y c lin e  and o th e r re la te d  drugs
CONH
OH O OH O
R1 r 2 R3 r 4
T e tra c y c lin e  (TC) H CH3 H OH
O x y te tra c y c lin e  (OTC) OH CH3 H OH
C h io r te tra c y d in e  (CTC) H ch3 Cl OH
M inocyc lin e H H H H
M ethacyc line OH ch2 H -
Doxy cy c l ine OH ch3 H H
6-dem ethyl CTC H H Cl OH
At t h is  stage, i t  w ou ld  be a p p ro p ria te  to  g ive  a b r ie f  account o f  the  
u n d e rly in g  theory  f a r  us ing  fo u r  s o lv e n ts  i n  HPLC.
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In  o rd e r to  o p t im is e  th e  m o b ile  phase c o m p o s it io n  f o r  th e  PRP-1 
m a te r ia l,  i t  was decided to  eva lu a te  the se p a ra tio n s  o b ta in a b le  using 
com binations o f  up to  fo u r  d i f f e r e n t  so lve n ts , as described  by G la jch  
e t  a l .  (1980 ). T h is  a pp ro ach  has n o t been d e s c r ib e d  i n  th e  
l i t e r a t u r e  fo r  t h is  m a te r ia l and i t  was f e l t  th a t  u s e fu l changes i n  
s e le c t iv i t y  could be ob ta ined .
THEORY FOR SQLYEHT OPTIMISATION IN HH.C
The q u a l i t y  o f an  HPLC a n a ly s is  i s  assessed by m easurem ent o f the  
re s o lu t io n  between ad jacen t peaks
The th re e  f a c t o r s  c o n t r ib u t in g  t o  r e s o lu t io n  a re  column e f f ic ie n c y  
(N), s o lu te  r e te n t io n  (K) and s e l e c t i v i t y  ( oc ) ;  each te rm  may be 
a d ju s te d  in d e p e n d e n t ly  to  a c h ie v e  ade qua te  Rs v a lu e s . T h is  i s  
g e n e ra lly  r e q u ir e d  to  be n o t  le s s  th a n  1.0 , e q u iv a le n t  to  98$ 
se p a ra tio n  o f two components. E f f ic ie n c y  (N) is  m a in ly  a fu n c t io n
t t
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o f th e  co lum n and th e  way i t  i s  packed. The co lum n used i n  th e se  
s tu d ie s  was purchased from  H a m ilto n  U.k. The s o lu te  re te n t io n  (K) 
i s  dependent on s o lv e n t  s t re n g th  and s o lv e n t  c o m p o s it io n . As a 
r u le ,  s t ro n g e r  s o lv e n ts  re d u ce  K v a lu e s ,  w h e re as  w eaker s o lv e n ts  
in c rea se  K va lues. I n i t i a l l y ,  a choice o f m ob ile  phase was made to  
y ie ld  a range o f kappa va lues  between 1- 10.
The s e l e c t i v i t y  f a c to r  ( ot ) i s  a m easure  o f th e  c h ro m a to g ra p h ic  
system to  recogn ise  chem ical d iffe re n c e s  between the two componenta 
I t  i s  s im i la r  to  th e  measurement o f re s o lu t io n  but does no t take peak 
w id th  i n t o  a c c o u n t, o n ly  r e t e n t io n  t im e s . V a lu e s  m ust be g re a te r  
th a n  1.0 .
The p ro p e r t ie s  o f  HPLC s o lv e n ts  re s p o s ib le  fo r  the  s o lu te -s o l vent 
in t e r a c t io n s  th a t  produce s o lu te  e lu t i o n  fro m  the  co lum n  may be 
d e s c r ib e d  (G la jc h  e t  a l .  1980) as th e  r e l a t i v e  a b i l i t y  o f each 
s o lv e n t  to  i n t e r - a c t  as a p ro to n -d o n o r ,  p ro to n -a c c e p to r  o r d ip o le .  
These p ro p e r t ie s  a re  described  as Xd, xe and Xn re s p e c t iv e ly ,  because 
d io xa n e , e th a n o l and n itro m e th a n e  w ere  chosen as t e s t  s o lu te s  to  
measure these p ro p e rtie s . The X v a lu e s  describe  the  r e la t iv e  propor­
t io n s  o f th e se  th re e  p ro p e r t i e s  f o r  any s o lv e n t .  These p r o p e r t ie s  
la r g e ly  e x p la in  th e  d i f f e r e n t  e lu t i o n  b e h a v io u r o f d i f f e r e n t  
s o lv e n ts .  I n  a s o lv e n t  o p t im is a t io n  s tu d y , i t  i s  b e s t to  exam ine  a 
few  s o lv e n ts  h a v in g  w id e ly  d i f f e r e n t  Xd , Xe and Xn r a t i o s ,  to  
d iscover s e le c t iv i t y  d i f fe re n c e s .  R e te n t io n  i s  a d ju s te d  by ta k in g  
in t o  a c c o u n t th e  t o t a l  p o la r i t y  o f th e  s o lv e n t  as d e s c r ib e d  by th e  
te rm  p y (S n yd e r, 197*0. I n  1978, S nyder p lo t t e d  the  s e l e c t i v i t y
2 3 t
d i f f e r e n c e s  as m easured by Xd> Xe and Xn v a lu e s  o f  81 s o lv e n ts  and 
showed th a t  they were d is t r ib u te d  in to  groups o f so lven ts , g e n e ra lly  
o f  s i m i l a r  c h e m ic a l ty p e .  The o p p o r tu n i t ie s  f o r  d is c o v e r in g  
s e le c t iv i t y  d if fe re n c e s  o b ta in a b le  by u s in g  d i f f e r e n t  s o lv e n ts  i s  
g re a t ly  enhanced by exam in ing one ty p ic a l s o lve n t from  th re e  w id e ly  
d i f f e r in g  groups. For r  ev er sed-pha se systems, m ethanol, a c e to n i t r i le  
and te tra h y d ro fu ra n  were recommended (see Fig. 13 ).
In  th is  study, propan 2 o l was s u b s t itu te d  f o r  m ethanol because i t  
produced narrow er peaks. Each so lve n t was then  m ixed w ith  the volume 
o f  w a te r th a t  w ould  produce a chromatogram in  which the components o f 
the  drug m ix tu re  w ould  have kappa va lu e s  in  th e  range 1 to  10. These 
com pos itions may then be fu r th e r  blended as described  in  F ig . 1 4 . 
to  y ie ld  a to ta l  o f seven d i f fe r e n t  com pos itions, which may then  be 
assessed to  choose the optimum system. R ecently  t h is  approach has 
been com puterised, but t h is  was n o t a v a ila b le  to  us.
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F ig : 14 O p tim iz a tio n  t r ia n g le  d e f in in g  seven experim ents and m ob ile  





The th re e  o rgan ic  m o d if ie rs  used were a c e to n i t r i le  (ACN), te tra h y d ro -  
fu ra n  (THF) and p ro p a n -2 -o l,  a l l  HPLC grade  s u p p lie d  by F is o n s  U.K. 
A l l  the s a l ts  used i n  p re p a rin g  th e  b u f fe r  system w ere  Ana la r grade 
and used w ith o u t  fu r th e r  p u r i f ic a t io n .
B u ffe r  C o m po s ition :-
S o lu tio n  A Na2HP04. 2H20 = 8.903 g (0.05M)
C i t r i c  a c id .  H2 0 = 7.00 g (0 .033M )
H3B03 = 3.54 g (0.0507M)
NaOH 1M s o lu t io n  = 243 nil 
The m ix tu re  was made up to  1L w ith  double d i s t i l l e d  de ion ised
w a te r.
S o lu t io n  B 0.1 M HC1 s o lu t io n
The b u f fe r  s o lu t io n  was p re p a re d  by m ix in g  40m l o f s o lu t io n  A and 
110ml o f s o lu t io n  B and add ing  w a te r to  make up to  200ml. The pH o f 
th is  s o lu t io n  m ix tu re , w ith o u t  the o rg a n ic  m o d if ie r ,  was 5.00. A l l  
the  b u ffe r  s o lu t io n s  w ere  prepared i n  e x a c t ly  the  same way. A s in g le  
p is to n  pump was employed w ith  a f lo w - ra te  o f 1.1 m l/m i a  The column 
(25cm, PRP-1), 10jJl lo o p  and th e  m o b ile  phase r e s e r v o ir  w ere a l l  kept 
i n  a w a te r bath a t  42°C m a in ta ined  by a th e rm o s t ir re r  (Gallenkamp). A 
UV-VIS v a r ia b le  w avelength  d e te c to r (Du Pont) o p e ra tin g  a t  272nm was
2 3 4
used a t  AUFS 0 .08 . C h a rt speed was m a in ta in e d  a t  10 m m /m ia  A BBC 
c h a rt re c o rd e r was used.
RESULTS AND DISCUSSION
The f i r s t  stage i n  th e  experim ent was th e  development o f the th re e  
b in a ry  s o lv e n t  c o m p o s it io n s  i .e .  the  p e rce n ta g e  c o m p o s it io n  o f one 
o rg a n ic  m o d i f ie r  p lu s  b u f fe r  to  a c h ie v e  a c c e p ta b le  kappa v a lu e s  
between 1-10. Since g ra d ie n t e lu t io n  f a c i l i t i e s  were n o t a v a ila b le , 
the  percentage com p o s itio n  o f the  o rg a n ic  m o d if ie r  was by t r i a l  and 
e rro r. In  the  f i r s t  case, 22$ p ro p a n -2 -o l p lus b u f fe r  was found to  
be optimum, a lthough re s o lu t io n  was no t good th e  kappa va lu e s  were in  
in  th e  d e s i r e d  ra n g e  o f  1 - 1 0 .
To c a lc u la te  th e  e q u iv a le n t  c o n c e n tra t io n s  o f  th e  tw o  re m a in in g
o rg a n ic  s o lv e n ts  da ta  p u b lis h e d  by C. R i le y  (1980) was used.
F o llo w in g  com pos itions  w ere chosen:- 
THF = 14.2 % and ACN = 20 %
Having e s ta b lis h e d  th e  proper b in a ry  s o lve n t com pos itions  f o r  the
apexes o f the  o p t im iz a t io n  t r ia n g le  (F ig .  14 ), the  use o f s ta n d a rd  
r a t io s  fo r  p o s it io n s  4,5»6 and 7 p ro v id e d  th e  re m a in in g  fo u r  m o b ile  
phase c o m p o s it io n s . For th e  t e t r a c y c l in e s ,  m o b ile  phases f o r  th e  
seven d e f in i te  expe rim ents  a re  shown i n  Tab le  33 .
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Table: 3 3 Various blend ratios and mobile phase compositions
S e pa ra tion  B lend r a t io  M obile phase com position
ACN: THF: Propan-
2-01
ACN: THF: Propan- : 
2-01
B u ffe r
1 1.0 0 .0 0 .0 20 0.0 0.0 80.0
2 0 .0 1.0 0 .0 0 14.3 0.0 85.8
3 0.0 0.0 1.0 0 0.0 2?r0 78.0




0 7.1 0.0 82.9
5 0 .0 0.5 0.5 0 7.1 11.0 81.9
6 0 .5 0 .0 0 .5 10 0.0 11.0 78.0
7 0.33 0.33 0.33 6.6 4.7 7 .3 81.4
EVALUATION OF THE SEVEN CHROMATOGRAMS
W ith  th e  f i r s t  th re e  s o lv e n t  sys te m s  (1 ,2  and 3)» th e  in d iv id u a l  
drugs were in je c te d  on to  the column, fo llo w e d  by an in je c t io n  o f a 
m ix tu re  c o n ta in in g  a l l  th e  in d i v i d u a l l y  in je c te d  d rugs . The
fo l lo w in g  drugs were in c lu d e d  i n  the  m ix tu re :-  1) OTC; 2) TC;
3) dem ethyl CTC; 4) m e th a q yd in e ; 5) m inocyc lin e
The chrom atographic r e s u lts  o f the  f i r s t  th ree  so lve n t systems are 
l i s t e d  i n  Tah les 34, 3 5 , and 36 ; th e  chromatogram o f se p a ra tio n  1
i s  shown in  F ig . 1 5 .
Table: 3 4 Chromatographic results with solvent system 1
t r  (mm) K W<|/2 ( mm) Peak symmetry
1 OTC 21.0 1.10 2.0 1.0
2 TC 25.2 1.52 2.0 1.0
3 dem ethyl CTC 33.3 2.33 3.0 1.0
4 m ethacyc line 37.5 2.75 3.0 1.16
5 m inocyc line 73.0 6.30 12.0 0.91
Table: 3 5 Chrom atographic r e s u lts o f so lve n t system 2
2 TC 24 .0 1.4 — —
1 OTC 28.0 1.8 — —
3 dem ethyl CTC 37.0 2.7 — —
4 m ethacyc line 52.5 4.25 5 .5 0.59
5 m inocyc line 73.5 6.35 12.5 0.6
Table: 3 6 Chrom atographic r e s u l t s  w ith  so lven t system 3
1 OTC 17.0 0.7 — —
2 TC 17.0 0.7 — —
3 demethyl CTC 24.0 1.4 — —
4 m ethacyc line 31.0 2.1 — —




5 3 1m inutes
F ig .  1 5 . I s o c r a t i c  s e p a ra tio n  o f te t r a c y c l in e s  w ith  s o lv e n t system 1 .
O p e ra tin g  c o n d itio n s  
Column PRP-1 25cm 
M o b ile  p h a s e :-  
P ro p a n -2 -o l 0%
THF 0%
ACN 20%
B u ffe r  80%
Tempera tu r  e 4 2 *C
The e lu t io n  o rd e r  p lu s  changes i n  t h a t  o rd e r  may a ls o  be seen fro m  
F ig . 16 a co m p a ris o n  o f s e p a ra t io n s  o f s o lv e n t  sys te m s  1,2 and 3 
(T a b le s  34 , 35and36 and F ig . 15 ) re v e a l t h a t  th e  s e p a ra t io n  w i t h  
on ly  one of the o rgan ic  m o d if ie r  p resen t i s  no t adequate due to  ve ry  
poor re s o lu t io n .  Furtherm ore, a re v e rs a l o f o rder between OTC and TC 
can be ob se rve d  be tw een  s o lv e n t  sys te m s  1 ,2  (F ig .  16 ) ;  w h i le  
i n  s e p a ra t io n  3» bo th  OTC and TC e lu te  to g e th e r .
S o lv e n t syterns 4 , 5 and 6 a re  c o m b in a t io n  m o b ile  phase sys tem s 
c o n ta in in g  tw o  o rgan ic  m o d if ie rs  i n  v a r io u s  p ro p o rt io n s  (Table 33). 
The chromatograms p lus  o the r data are shown in  F ig . I 7 / I 8 and  19 fo  
so lven t systems 4,5 and 6 re s p e c t iv e ly .
S e p a ra t io n  4 (F ig .  I 7 ) p roduced  no e lu t io n  r e v e r s a l  com pared to  
sepa ra tion  3» but a p a r t from  components 1 and 2 (OTC, TC), the  o the r 
three components are  f u l l y  re so lve d . The t o ta l  ch rom atograph ic  tim e  
was a p p ro x im a te ly  te n  m inutes. The peak symmetry was e x c e lle n t.
S epa ra tion  5 (F ig . 18 ) produced one s ig n i f ic a n t  d i f fe re n c e  from  th a t  
o f se p a ra tio n  4. The kappa va lue  f o r  component 5 i s  reduced from  7.9 
to  3.85. T h is  r e s u lt s  i n  a re d u c t io n  i n  the t o ta l  ch rom atograph ic  
tim e  to  a p p ro x im a te ly  s ix  m inutes; A pa rt from  OTC and TC, e x c e lle n t 
r e s o lu t io n  and peak symmetry was achieved.
S e p a ra t io n  6 (F ig .  19 ) p rodu ced  a v e ry  m in o r r e v e r s a l  o f e lu t io n  
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Solvent system
Fig. 16 E lu t io n  o rd e r o f te t r a c y c l in e s  w ith  d i f f e r e n t  s o lv e n t systems.
▼  OTC 
V  TC
^  demethyl CTC 
%  methacycline 




p - 2 - o l
F i g . 1 7 .  is o c r a t ic  s e p a ra tio n  o f  te t r a c y c l in e s  w ith  s o lv e n t system 4.
Peak id e n t iy O p e ra tin g  c o n d itio n s
1 . OTC Column PRP-1 25cm
2. TC M o b ile  p h a s e :-
3. dem ethyl CTC P ro p a n -2 -o l 0%
4. m eth acyc lin e THF 7.1%
5. m ino cyc lin e ACN 10%
B u ffe r  81.9%
Tem perature 42°C
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Flow rate 1.1 ml/min 
Temperature 42 °C
2 4 3
com ponents e lu te d  to g e th e r .  The kappa v a lu e  f o r  com ponent 5 was 
in c re a s e d  to  9.85. The r e s o lu t i o n  b e tw e e n  d e m e th y l CTC and  
m ethacyc line  was a p p ro x im a te ly  60%. C le a r ly  s e p a ra tio n  6 was no t as 
fa vo u ra b le  as se p a ra tio n s  4 and 5.
S e p a r a t io n  7 ( F ig .  2o ) p ro d u c e d  r e d u c t io n  i n  kappa  v a lu e  o f  
m in ocyc lin e  and c o -e lu t io n  o f OTC and TC. The re s o lu t io n  was as good 
as s e p a ra t io n  5 t b u t th e  t o t a l  c h ro m a to g ra p h ic  t im e  was e ig h t  
m inutes.
CONCLUSIONS
A f te r  e x a m in a t io n  o f  th e  seven c h ro m a to g ra p h ic  s e p a ra t io n s  th e  
fo l lo w in g  p o in ts  may be made:-
1) One o rg a n ic  m o d i f ie r  a lo n e  i s  n o t s u f f i c e n t  to  e f f e c t  good
re s o lu t io n  o f the te s t  m ix tu re .
2) The best re s u ts  were ob ta ined  w ith  so lve n t system 5» which 
produced  e x c e l le n t  r e s o lu t io n  and peak sym m etry  i n  th e  
s h o r te s t  p o s s ib le  t im e  (6 m in ). S e p a ra t io n s  4 and
7 a re  a ls o  w o r th  c o n s id e r in g  i f  o v e r a l l  t im e  ta k e n  i s  
n o t an is s u e .
pH PROFILE OF SEPARATION 5
Having e s ta b lis h e d  th a t  the  so lve n t system 5 was th e  optimum system 
to  s e p a ra te  th e  t e t r a c y c l in e s ,  i t  was d e c id e d  to  c a r ry  o u t  a pH 
p r o f i le  study o f the system. The b u f fe r  was prepared as be fore , but
1,2
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Flow rate 1.1 ml/min 
.Temperature 42 *C
2 4 5
th e  vo lum e  o f 0.1 M HC1 was v a r ie d  to  a c h ie v e  d i f f e r e n t  pH v a lu e s . 
Tab le  37 shows a l l  the  d i f f e r e n t  pH v a lu e s  and the  c o r re s p o n d in g  
kappa values.
Table: 37 In flu e n c e  o f pH upon r e te n t io n
x ml 0 .1 N HC1 pH OTC/TC d e m e th y l-  m e th a c - m in o c y c l in e
CTC y c lin e
60 ml 3.23 1.38 2.50 4.95 1.0
55 4.03 1.44 2.44 3.94 2.16
50 5.10 1 .38 /1 .22 2.28 3.39 4 .50
47 5.70 1.33 2.22 3.27 5.00
44 6.20 1.33 2.11 3.22 5.17
40 6.9 1.11 1.72 2.83 4.89
A p lo t  o f kappa v a lu e s  v s  pH i s  shown in  F ig . 21
Exam ina tion  o f the  chromatograms re v e a l th a t  the best se p a ra tio n  i s  
a c h ie v e d  i n  the  pH ra n g e  5 .7 -6 .2 . A t y p ic a l  ch rom atogram  a t  pH 5.7 
i s  shown i n  F i&  2 2 .
At t h is  p o in t i t  w ould  be convenient to  e x p la in  why the  te t ra c y c l in e s  
e lu te  i n  the o rde r th a t  they da The s t ru c tu r a l fo rm u la s  o f the 
te tra c y c lin e s  a re  shown on page  2 4 8 .
The s t r u c tu r e s  o f  OTC and TC a re  v e ry  s im i la r .  Due to  the  p resen ce  
o f the C^ OH in  OTC, the lo g  P va lue  o f the  m o lecu le  i s  reduced
3 4 5 6 7
pH — ►
Fig. 21 pH profile of tetracyclines with solvent system 5
▼ OTC 
V  TC
♦  demethyl CTC





Fig. 22 isocratic separation of tetracyclines with solvent system 5. 
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which should r e s u l t  in  a decrease i n  re te n tio n .  Since OTC and TC 
e lu te  to g e th e r im m e d ia te ly  a f te r  the s o lv e n t f r o n t  the percentage o f 
o rg a n ic  m o d i f ie r  i n  th e  m o b ile  phase needs to  be reduce d  b e fo re  a 
se p a ra tio n  i s  p o ss ib le .
In  d e m e th y l CTC, Cl i s  s u b s t i t u t e d  on th e  a ro m a t ic  r in g  and adds 
a lm ost one lo g  P v a lu e  to  the  hydrophobic fra g m e n ta l constant. This 
would r e s u l t  i n  an inc rease  i n  r e te n t io n  but th e  e f fe c t  i s  ve ry  much 
reduced due to  lo s s  o f the Cg CHg w h ic  has a hydrophobic fra g m e n ta l 
c o n s ta n t o f  0 .7 .
In  m e th a c y c lin e ,  th e  lo s s  o f  OH a t  Cg r e s u l t s  i n  m ore r e te n t io n  due 
to  g re a te r h yd ro p h o b ic ity . A d d it io n  o f n o n -p o la r = CH2 a lso  he lp s  to  
in c re a s e  re te n t io n .
In  m in o c y c l in e ,  th e  p resence o f tw o  CH^ on th e  n i t r o g e n  a t  Cy 
in c re a se s  re te n t io n ,  a ls o  aided by the absence o f OH groups from  C  ^
and Cg, R educing  th e  pH (F ig .  21 ) r e s u l t s  i n  a d ra m a t ic  f a l l  in  th e  
kappa va lues  f o r  m inocyc lin e . T h is  i s  because as the pH i s  low ered  
the  Cy NMe2 group becomes in c re a s in g ly  io n is e d  . T h is  h yp o the s is  
was te s te d  us in g  a neg a tive  io n -p a ir in g  reage n t, 1-hep tane su lph on ic  
a c id  (HSA) a t  a c o n c e n t r a t io n  o f  5mM. The kappa v a lu e s  o f  OTC, TC, 
demethyl CTC and m ethacyc line  behave s im i la r ly  as the pH i s  low ered  
(F ig, 2 3 ) , but th e  kappa v a lu e s  fo r  m in o cyc lin e  rose d ra m a tic a lly  
a t  pH 5.5. T h is  in d ic a te s  th a t  io n - p a ir  fo rm a tio n  was ta k in g  p lace 
i n  th e  system . Io n  p a i r in g  a ls o  o c c u rs  a t  th e  Cj| NMe2 w h ich  i s  
common to  a l l  the te tra c y c l in e s ,  but due to  the presence o f two NMe2
7
Fig. 23. pH profiles of
tetracyclines in the























on m in o cyc lin e , t h is  compound i s  re ta in e d  much more than  th e  o ther 
te tra c y c l in e s .
SUMMARY
The use o f fo u r  s o lve n ts  has been dem onstrated to  accom plish  
o p t im iz a t io n  o f re s o lu t io n  i n  HHLC. The fo u r  so lve n ts  used f o r  the 
deve lopm en t o f  a re v e rs e d  phase i s o c r a t i c  s e p a ra t io n  o f  f i v e  
te tra c y c l in e s  were a c e t o n i t r i l e ,  te t r a h y d o fu ra n ,  p ro p a n -2 -o l and 
b u f fe r .  The s e r ie s  o f  seven ch rom a to g ram s, as d e f in e d  by th e  
o p t im iz a t io n  ro u t in e , were c a r r ie d  o u t on the te t r a c y c l in e  m ix tu re . 
One s o lv e n t  system  was chosen a f t e r  q u a l i t a t i v e  e x a m in a t io n  o f 
chromatograms. The pH p r o f i le  study was c a r r ie d  o u t on the optimum 
so lv e n t system and argum ents presented i n  fa vo u r o f the  e lu t io n  order 
o f te tra c y c lin e s .  The pH p r o f i le  study dem onstrated th a t no fu r th e r  
improvement i n  s e le c t iv i t y  or t im e  of a n a ly s is  cou ld  be ob ta ined  by 
chan g in g  the  o p t im is e d  s o lv e n t  pH (5 .0 )  to  a n o th e r  pH w i t h in  th e  
range  3 and 8 . The pH s tu d y  p ro v id e d  c le a r  re ason s  f o r  th e  e lu t io n  
order o f the te s t  m ix tu re  components.
25;
S ection  2
In v e s t ig a t io n  in to  th e  re te n t io n  mechanisms in v o lv e d  
between te t r a c y c l in e s  and PRP-1 m a te r ia l
E xperim enta l
S e tt in g  up th e  re s in
P re p a ra tio n  o f te tra p ro p y l ammonium f lu o r id e  
R e su lts  and d is c u s s io n s
E ffe c t o f p a ir in g - io n  and com peting an ion  c o n c e n tra tio n  
E f fe c t  o f io n - p a ir  an ions 
S tereochem ical e f fe c ts  on r e te n t io n  
A dso rp tion
D iscuss ion  and co n lcus ions
tv
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INVESTIGATION INTO THE RETENTION MECHANISMS INVCLVED BETWEEN 
TETRACYCINES AND PRP-1 MATERIAL
A fte r  development o f  the a n a ly t ic a l system on th e  PRP-1 m a te r ia l,  i t  
was decided to  de te rm ine  the types o f in te r a c t io n s  w h ich take p lace 
between te t r a c y c l in e s  and th e  polymer PRP-1. Knox and Jurand (1979)» 
w o rk in g  w ith  S A S -hypers il concluded th a t under m ild  a c id ic  c o n d it io n s  
(pH 3-5) th e  predom inant mode o f re te n t io n  was th e  fo rm a tio n  o f the  
z w i t t e r  io n - p a i r s  be tw een th e  z w i t t e r  io n ic  fo rm s  o f TC and th e  
adsorbed z w i t t e r  io n s  o f EDTA. The genera l perform ance was sa id  to  
be fu r th e r  im proved by the a d d it io n  o f s a l ts  a c t in g  as c o u n te r- io n s . 
The a d d it io n  o f  h y d ro p h o b ic  c o u n te r - io n s  to  th e  m o b ile  phase to  
enhance r e te n t io n  and re s o lu t io n  has been w id e ly  used i n  the  HFLC o f 
charged o rg a n ic  spec ies  on a lk y l-m o d if ie d  s i l i c a  (B id lingm eye r 1980; 
Tom linson e t  a l .  1978).
O ther s tu d ie s  have focused on id e n t i f y in g  th e  in te r a c t io n s  th a t  occur 
i n  the presence o f the counter^ io n s , and severa l mechanisms have been 
proposed (Knox and J u ra n d , 1 976; S c o t t  and K ucera  1979). The io n -  
p a ir  m echanism  i s  one w he re  i t  i s  su g g e s te d  t h a t  io n - p a i r s  fo rm  
betw een a n a ly te  io n  and th e  c o u n te r - io n  p r io r  to  s o r p t io n  on a 
hydrophobic a lk y l-m o d if ie d  s i l i c a  s ta t io n a r y  phase. O th e r  w o rk e rs  
suggested an ion-exchange mechanism, where the  c o u n te r- io n s  a re  f i r s t  
so rbed  and th e se  cha rged  s i t e s  se rve  as exchange s i t e s  f o r  th e  
a n a ly te  io n s . I t  has a ls o  been sugg es te d  t h a t  b o th  o ccu r and th e  
e x te n t to  w hich one i s  more s ig n i f ic a n t  than the o th e r  i s  a fu n c t io n
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o f th e  h y d ro p h o b ic ity  o f th e  p a i r in g  io n .  I f  v e ry  lo n g -c h a in e d , 
bu lky, hydrophobic co u n te rio n s  are used, m ic e lle  fo rm a t io n  and 
m o le c u la r  s iz e  f a c t o r s  a re  s ig n i f i c a n t  p a ra m e te rs  t h a t  in f lu e n c e  
r e te n t io n .  C a n tw e ll and Puon (1979 ) p roposed  a d o u b le  la y e r  m odel 
th a t  accounts f o r  re te n t io n  o f o rg a n ic  io n s  on to  A m b e rlite  XAD-2, a 
p o ly (s ty re n e -d iv in y l benzene) co -po lym ers which a c ts  as a hydrophobic 
adsorbent i n  LC a p p lic a t io n s . In  t h is  model, the  a n a ly te  c a t io n  (or 
an ion) i s  sorbed onto  the XAD-2 su rfa ce  as a p rim ary  la y e r ,  and sm a ll 
c o u n te r - io n s  su ch  as C l“  ( o r  Na+ ) o c c u p y  th e  d i f f u s e  la y e r .  
Is k a n d a ra n i and P le t r z y k  (1982 ) s tu d ie d  th e  e f f e c t  o f t e t r a a l -  
kylammonium s a lts ,  in o rg a n ic  co-an ions, mixed s o lv e n ts , added in e r t  
e le c t r o ly te s  and pH on the r e te n t io n  o f an ions d e rive d  from  o rgan ic  
a c id s  on PRP-1. A r e t e n t io n  m odel was p roposed  w h ic h  to o k  in t o  
a c c o u n t th e  m a jo r  e q u i l i b r i a  t h a t  in f lu e n c e  th e  r e t e n t io n  o f an 
o rg a n ic  a n a ly te  a n io n  on PRP-1 und e r th e  s p e c i f ie d  e x p e r im e n ta l 
c o n d it io n s .
In  t h is  re p o r t,  the  m ain emphasis w ou ld  be to  e x p lo re  as w id e ly  as 
po ss ib le , the fa c to r s  w h ich  in f lu e n c e  the  r e te n t io n  o f te tra c y c l in e s  
on PRP-1, and r e la te  them to  some e n t i t y ,  such as hydrophob ic  parame­
te r s ,  MR( a lk y l ) ,  MR(a n io n )  e tc .  S t a t i s t i c a l  a n a ly s is  o f the  d a ta  
w i l l  a lso  be c a r r ie d  out.
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EXPER DENTAL 
SETTING} UP THE RESIN
The io n -e x c h a n g e  r e s in  IRA 400 was used to  change th e  n a tu re  o f th e  
an ions o f the p a ir in g  ions , A s im ila r  procedure was fo llo w e d  f o r  a l l  
the tra n s fo rm a tio n s  as fo l lo w  s : -
A s lu r y  o f th e  r e s in  was made i n  1 N HC1 and packed in t o  a g la s s  
chrom atographic co lum a The r e s in  was washed w ith  d i s t i l l e d  w a te r 
u n t i l  th e  f i l t r a t e  was n e u t r a l .  The r e s in  i s  now charged  w i t h  C l”  
ions, T e tr  a p ro p y l ammonium bromide (TPABr) was d isso lve d  in  d i s t i l l e d  
d e - io n is e d  w a te r  and added to  th e  co lum n and te tra p ro p y  1-ammonium 
c h lo r id e  (TPAC1) c o lle c te d . The column was washed w i th  more d i s t i l ­
le d  w a te r to  ensure com plete rem oval o f TPAC1. The e lu a te s  were 
combined, evaporated a lm ost to  d ry n e s s  and f r e e z e - d r ie d  o v e rn ig h t .  
A l l  the  convers ions, except te trapropylam m onium  f lu o r id e  (TPAF), were 
c a r r ie d  o u t  i n  a s im i l a r  m anner. The r e s in  was f i r s t  cha rged  w i t h  
th e  des ired  io n , then  th e  s u b s tra te  s o lu t io n  i n  d i s t i l l e d  w a te r was 
added to  the column in  o rder to  exchange ions.
PREPARATION OF TETRAFROPTL AMMONIUM FLUORINE (TPAF)
S to ic h io m e tr ic  amounts o f TPABr and sodium f lu o r id e  (Na F) were mixed 
in  methanol (300m l) and s t i r r e d  a t  room tem pera tu re  f o r  24Hrs, A 
p re c ip ita te  was fo rm ed which g ra d u a lly  changed co lo u r to  l i g h t  grey.
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The m ix tu re  was f i l t e r e d ,  and th e  f i l t r a t e  was evaporated to  d rynesa  
The powder (TPAF) was w h ite  and c r y s ta l l in e .
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RESULTS AMD DISCUSSION
The te t r a c y c l in e  m o lecu le  has th re e  w e ll-docum ented  io n is a t io n  s tages 
w i t h  pKa v a lu e s  o f  3 «3» 7.68 and 9«69> as i l l u s t r a t e d  i n  F ig .  24
F ig : 2 4 The io n is a t io n  p a tte rn  o f te t ra c y c l in e  h y d ro c h lo r id e  a t  pH 
3.53 and 7.3
T h e re fo re , a t  pH 7*3 th e  t e t a r c y c l in e  m o le c u le  i s  p re d o m in a n t ly  
an anion. The chrom atograph ic system may be considered to  c o n s is t o f  
the fo l lo w in g  com ponents:-
PRF-1 m a te r ia l,  the  alkyl-am m onium  s a l t  and a n io n ic  a n a ly te .
pH 3.53
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EFFECT OF PAIRING ION AND COMPETING ANION CONCENTRATION
I f  the chrom atograph ic  r e te n t io n  mechanism is  due to  the p a ir in g - io n  
(a lkyl-am m onium  s a l t )  be ing  adsorbed on to  th e  s ta t io n a ry  phase (PRP-
1), th u s  fo rm in g  an  i n - s i t u  io n -e x c h a n g e  s u r fa c e  as  i s  the  case f o r  
a lky l-bond ed  s i l i c a  m a te r ia ls  (B id lingm eye r, 1980; Tom linson e t  a l. 
1978), then:
a) An increase  i n  th e  c o n c e n tra tio n  o f a lkyl-am m onium  p a ir in g - io n s  
should in c rea se  the  re te n t io n  o f n e g a tive ly -ch a rg e d  t e t r a c y d in e a
b) An increase  i n  th e  c o n c e n tra tio n  o f com peting an ions  (C l,B r,F ) 
should decrease the  re te n t io n  o f a n io n ic  fo rm  o f the te t ra c y c l in e s .
C oncen tra tions o f  TPABr rang ing  from  1 to  20mM w ere e q u il ib ra te d  on 
the chrom atograph ic  column and the  re te n t io n  va lu e s  f o r  the 
te tra c y c l in e s  de te rm ined  to  te s t  (a) above. R e te n tio n  was found to  
be dependent upon p a ir in g - io n  co n ce n tra tio n , re a c h in g  a maximum a t  
5mM. Th is c o n c e n tra tio n  was chosen to  te s t  (b) above, us in g  sodium 
s a l t s  o f a c e ta te ,  n i t r a t e  and s u lp h a te  as c o m p e tin g  c o u n te r - io n s .  
The r e s u lts  a re  l i s t e d  i n  Table, 3 8
The kappa v a lu e s  f o r  OTC and TC a re  a lm o s t i d e n t i c a l  ( 0 ,8 -0 ,9 ) .  
S in ce  th e  two compounds have c a p a c ity  r a t i o s  o f  le s s  th a n  1,0, th e  
two peaks w ere no t re ta in e d  adequate ly  to  de term ine th e  e f fe c t  o f the  
p a i r in g - io n ,  t h e r e fo r e  the  kappa v a lu e s  f o r  OTC and TC w e re  
d is regarded .
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S t a t is t ic a l  a n a ly s is  ( t  te s t )  was c a rr ie d  out on th e  kappa va lu e s  
o f demethyl CTC, m e th a c y d in e  and m inocyc line . The fo l lo w in g  p o in ts  
were deduced from  the  t - t e s t ,
1) The c a p a c i t y - r a t io s  decreased s ig n i f ic a n t ly  as th e  c o n c e n tra tio n  
o f the c o u n te r - io n  was increased (A1,A4; B1,B4; C1,C4).
2) There was a s ig n i f ic a n t  d iffe re n c e  between th e  e f fe c ts  o f  the  
d i f fe r e n t  co u n te r^ io n s , a t  a c o n c e n tra tio n  o f 0.2M, the order be ing  
N0g“  > S02- 2j > a c e ta te "  (A4,B4; AM, C4; B4,C 4).
kappa v a lu e  in c re a se  ^































































m in o c y d in e
4.6   B-1
3.0   B-2
3.8   B-3
3.5   B-4
m in o c y d in e
4.6   C-1
3.8   C-2
3.8   C-3
3.8   C-4
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EFFECT OF ION-PAIR ANIDNS
TPABr was converted  to  TPAC1 and TPAacetate, us ing  th e  IRA-400 re s in , 
as in d ic a te d  i n  the  e x p e r im e n ta l s e c t io n .  TPAF was p re p a re d  
c h e m ic a lly .  The kappa v a lu e s  o b ta in e d  w ith  these p a ir in g - io n s  a re  
l i s t e d  in  Table 3 9 .
Table 39 The kappa va lu e s  w ith  v a r io u s  io n -p a ir in g  reage n ts  (5mM)
OTC TC demeth­
y l  CTC
methac-
y d in e
m in o cyc lin e
TPAF 0.835 0.855 1.21 1.875 3.725 . . . D
TPAC1 1.083 0.875 1.35 2.000 4.125 . . .E
TPA a c e ta te 1.000 0.900 1.60 2.4000 4.300 . . . F
TPABr 1.000 1.200 1.55 2.5500 4.550 . . .G
S t a t is t ic a l a n a ly s is ( t - t e s t ) proved th a t s ig n i f ic a n t ly  d i f f e r e n t
kappa va lu e s  w ere be ing o b ta in e d  by us ing  th e  d i f f e r e n t  io n -p a ir in g  
reagents. S ince, a l l  the  v a r ia b le s  were kept constan t, the change in  
kappa va lu e s  must be due to  th e  n eg a tive  p a r t  o f the  p a ir in g - io n  
com peting w ith  the n e g a tiv e ly  charged te t r a c y c l in e s  f o r  re te n t io n  by 
th e  p o s it iv e ly -c h a rg e d  te t r a p ro p y l ammonium ion . The f lu o r id e  io n  
was m ost e f f e c t i v e  i n  r e d u c in g  r e t e n t io n  o f th e  t e t r a c y c l in e s ,  
fo l lo w e d  by c h lo r id e ,  a c e ta te  and b rom ide  r e s p e c t iv e ly .  For th e  
h a lo g e n  s e r ie s ,  the  u n i t  charge per s u r fa c e  a re a  i s  h ig h e s t  f o r  
f lu o r id e  and decreases f o r  c h lo r id e  and th e n  bromide. T h is  suggests
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th a t  f lu o r id e  is  th e  most e f fe c t iv e  c o u n te r- io n  because i t  i s  a b le  to  
approach most c lo s e ly  to  the p o s it iv e ly -c h a rg e d  te tra p ro p y l ammonium 
ion . T h is  i s  th e  c o m p e tit iv e  mechanism considered to  occur in  io n -  
exchange chrom atography.
STEREOCHEMICAL EFFECTS CN RETENTION
The n itro g e n  atom in  TPABr is  surrounded by fo u r  bu lky  a lk y l groups, 
whereas in  dodecyl trim ethylam m onium  brom ide (DTMABr), the  n itro g e n  
is  much more exposed.
Br"
Br'
CH2CH2CH 3 C H _
CHjCHjCHj-N -C H jCH jC H j C12 h ^ - n  -  CH 3
c h 2c h 2c h 3 C H j
TPABr DTMABr
DTMAC1 was a lso  te s te d  on the column (prepared us ing  IRA-400 re s in ) .  
The kappa va lu e s  a re  l i s t e d  in  Tab le 4 0 .
As can be seen from  Tab le  4 0 lo n g e r kappa va lu e s  were o b ta in e d  w i th  
DTMABr than  TPABr and w ith  DTMAC1 compared to  TPAC1. T h is  was to  be
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e xpe c ted  due to  th e  la r g e r  h y d ro c a rb o n  c o n te n t o f  th e  fo rm e r  (15C 
com pared to  12C). Hence, s i g n i f i c a n t l y  d i f f e r e n t  kappa v a lu e s  
between G-H and E-J.
Table 40 The kappa va lu e s  o f  te tra c y c l in e s  us ing  v a r io u s  p a ir in g - io n s  
(5mM).
OTC TC dem ethy l- metha- m inocyc line
CTC c y c lin e
TPABr 1 .000 1 .20 1 .55 2.55 4.55 . . .G
DTMABr 2.220 2.33 5.45 5.11 8.56 . . . H
TPAC1 0.875 1 .08 1 .34 2.00 4.13 . . . E
DTMAC1 2.340 2.45 5.33 5.00 8.55 . . . J
But va lu e s  f o r  DTMABr and DTMAC1 were a lm ost id e n t ic a l .  F u rthe r w o rk  
was c a rr ie d  ou t us ing  a homologous s e r ie s  o f the te t r a a lk y l  ammonium 
compounds i.e .
T e tra e th y l ammonium brom ide TEABr
" " c h lo r id e  TEAC1
T e tra m e th y l ammonium brom ide TMABr
" " c h lo r id e  TMAC1
These p a ir in g - io n s  were loaded  on to  the  column a t  co n c e n tra tio n s  o f  
5mM. The kappa v a lu e s  a re  l i s t e d  in  Table 41 •
As can be seen fro m  th e  T a b le  41 th e  kappa v a lu e s  f o r  TMA a re  
s ig n i f ic a n t ly  d i f f e r e n t  ( t - t e s t )  from  TEA p a ir in g - io a  The e f fe c t  o f
Q  or B r io n s  may be d is t in g u is h e d  as fo l lo w  s : -
TMABr and TMA Cl Kappa va lues Cl > B r ...P
TEABr and TEAC1 kappa va lu e s B r > Cl ...Q
TPABr and TPAC1 kappa va lu e s Br > Cl ••• R
DTMABr and DTMAC1 kappa va lu e s a lm ost s im i la r ••• S
Table 41 • Kappa va lu e s  w ith  d i f f e r e n t  p a ir in g -■ions
OTC TC dem ethyl-
CTC
metha-
c y c lin e
m inocyc lin e
TMABr .75 1.0 1.25 1.88 3.69
TMAC1 1.13 1.25 1.88 2.75 4.75
TEABr 1.07 1.13 1.75 2.69 4.75
TEAC1 1.0 1.125 1.5 2.375 4.5
TPABr 1.0 1.2 1.55 2.55 4.55
T PA C l .875 1.08 1.34 2.0 4.13
DT MABr 2.22 2.33 5.45 5.11 8.56
DT MAC1 2.34 2.45 5.33 5.0 8.55
T he re fo re , when th e  n itro g e n  atom o f the  p a i r in g - io n , is  r e a d i l l y  
a cce ss ib le , th e re  i s  l i t t l e  or no d if fe re n c e  between the kappa v a lu e s
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of c h lo r id e  or brom ide s a lts  o f  the p a ir in g - io n s  (P and S). But when 
the n itro g e n  atom i s  le s s  a cce ss ib le , the s m a lle r  io n  i.e . C l”  i s  
more e f fe c t iv e  i n  re d u c in g  re te n t io n  (Q and R).
The kappa va lues  w ith  d i f fe r e n t  p a ir in g - io n s  a re  l i s t e d  i n  Table 42 
A lso  in c lu d e d  a re  r e la v a n t  p a ra m e te rs  e.g. MR a lk y l ,  MR a n io n  e tc . ,  
where Mr stands f o r  m o la r r e f r a c t io n .
S in g le  and m u lt ip le  re g re s s io n s  were c a r r ie d  ou t on th e  data in  Tab le  
42 i n  o rd e r to  d e te rm in e  th e  v a r ia b le  p a ra m e te r w h ic h  in f lu e n c e s  
re te n t io n  o f the f i v e  te tra c y c l in e s .  But no s ig n i f ic a n t  c o r re la t io n  
r e s u l t s  were ob ta ined . T h is  in d ic a te s  th a t  a lth o u g h  th e  v a r ia b le s  
a lre a d y  d is c u s s e d  e f f e c t  r e te n t io n  to  some e x te n t ,  th e  dom in an t 
mechanism may be d i f fe r e n t .
ADSORPTION
S ince  th e  PRP-1 p a c k in g  m a te r ia l  i s  p o ly ( s ty r e n e - d iv in y lb e n z e n e )  
polym er, i t  seems probab le  th a t the concept o f a d s o rp tio n  w ou ld  p la y  
a m ajor p a r t i n  re te n t io n .  Hence the  changes i n  h y d ro p h o b ic ity  ( )
U
of the te t r a c y c l in e  m olecu les should be cons idered .
To study t h is  concept, an a l iq u o t  (50 ml) o f  the  b u ffe r ,  w ith o u t th e  
p a ir in g - io n  and the o rg a n ic  m o d if ie r ,  was mixed w i th  v a i r in g  amounts
Mr alkyl Mr anion OTC TC DMCTC METHA
TMA Cl 5.65 6.03 1.13 1.25 1.88 2.75
TMA Br 5.65 8.88 0.75 1.0 1.25 1.88
TEA Cl 10.3 6.03 1.0 1.125 1.5 2.375
TEA Br 10.3 8.88 1.07 1.13 1.75 2.69
TPA Cl 14.96 6.03 1.083 0.875 1.344 2.0
TPA Br 14.96 8.88 1.0 1.2 1.55 2.55
TPA F 14.96 0.92 1.0 1.2 1.55 2.55
Table 4 2. The kappa values for different tetracyclines
hydrophobicity parameters (M ) are also included alongR
w eigh ts .
DMCTC =  6 - d e m e t h y l  CTC 
METHA =  m e t h a c y c l in e  
M IN O C IN  =  m in o c y c l in e






4.75 0.56 15 109.5 35.5
3.69 0.56 15 153.9 79.9
4.50 1.02 29 165.5 35.5
4.75 1.02 29 209.9 79.9
4.125 1.55 43 221.5 35.5
4.55 1.55 43 265.9 79.9
4.55 1.55 43 204.99 18.99
using v a rio u s  io n -p a ir in g  re a g e n ts . The 





o f PRP-1 m a te r ia l (see Tab le  43 ). a s im i la r  s o lu t io n  was prepared 
w h ich a lso  conta ined the p a ir in g - io n  (TEA Br a t  2 mM c o n c e n tra tio n ). 
The f la s k s  w e re  p la c e d  i n  a m e c h a n ic a l shake r a t  25°C f o r  24 h rs . 
The m ix tu re s  w e re  a l lo w e d  to  s e t t l e  and th e  UV abso rb ance  o f th e  
aqueous phase was recorded  (Table  43 ). The changes i n  absorbance
vs c o n c e n ta r t io n  o f the p a c k in g  m a te r ia l  i s  re c o rd e d  in  F ig . 25 .
In  th e  presence o f 200 mg PRP-1 the  a d s o rp tio n  o f the  drug was a lm ost 
doub le  th a t  i n  the p resence  o f  100 mg PRP-1, i n d ic a t i n g  th a t  
a d s o rp tio n  i s  d i r e c t ly  p ro p o r t io n a l to  the  amount o f PRP-1. At 300 
mg PRP-1 the  a d s o rp t io n  was o n ly  s l i g h t l y  g re a te r  th a n  a t  200 mg, 
in d ic a t in g  in s u f f ic e n t  drug i n  th e  aqueous phase to  s a tu ra te  the  PRP- 
1 packing m a te r ia l.
When th e  p a ir in g - io n  (TEA B r) was in c lu d e d  i n  th e  above system, the  
a dso r p t io n  was in c re a s e d , b u t o n ly  by 31 and 25 % r e s p e c t iv e ly  f o r  
the 100 mg and 200 mg PRP-1. Th is  s tro n g ly  suggests th a t  the  m ajor 
r e te n t io n  mechanism i s  a d s o rp tio n  o f the te t ra c y c l in e s  to  the PRP-1 
















mg o f  PRP-1
F ig .  2 5 .  A d so rp tio n  o f  "drug" by PRP-1 from an aqueous s o lu t io n  
o f c o n s ta n t c o n c e n tra t io n . (Absorbance u n its  re p re s e n tin g  amount o f  





1) I t  can be c o n c lu d e d  t h a t  th e  m a in  m echanism  o f r e te n t io n  o f  th e  
t e t r a c y c l in e s  on PRP-1 p a c k in g  m a te r ia l  i s  by s im p le  a d s o rp t io n .  
The a d so rp tio n  i s  f u r th e r  in c rea sed  i n  th e  presence o f p a ir in g - io n s  
(a 28% in c re a se  re s u lte d  by us in g  TEA B r)
2) The p a i r in g - io n s  w i t h  a h ig h e r  lo g  P v a lu e  th a n  TEA B r ( i .e .  w i th  
a lo n g e r hydrocarbon cha in ) e.& TPA Br, DTMA Br e tc . w ou ld  adsorb on 
to  the  hydrophobic pack ing  m a te r ia l a t  a g re a te r c o n c e n tra tio n  th a n  
TEABr, and th e re fo re  w ou ld  in c re a s e  re te n t io n  o f te t r a c y c l in e s  even 
more than TEA Br. T h is  i s  best seen in  F ig. 2 6 , where an in c rea se  
in  kappa v a lu e  i s  observed w ith  in c re a se  i n  the carbon con ten t o f the 
p a ir in g - io n s . A c c e s s s ib i l i ty  o f the  charged n itro g e n  on th e  p a ir in g -  
io n  i s  a ls o  ve ry  im p o r ta n t in  d e te r im in g  re te n t io n ,  as in d ic a te d  by 
incresed  kappa va lues  o b ta in e d  w ith  DTMA B r than  TPA Br.
3) The presence o f c o u n te r- io n s  decreased kappa va lues , the o rder o f  
in flu e n c e  being F > Cl > A ce ta te  > Br
4) R e te n t io n  may be f u r t h e r  reduce d  by in c lu d in g  c o m p e t in g  
e le c tro ly te s  (an ions) in  th e  chrom atographic system.
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Table 4 3 Absorbance va lu e s  w ith  and w ith o u t PRP-1 and p a ir in g - io n  
W ithou t p a ir in g - io n  W ith  p a ir in g - io n
100mg PRP-1
*
B u ffe r  + drug = 0.520 B u ffe r  + drug + P -io n  = 0.515
B u ffe r  + drug + PRP-1 = 0.455 B u ffe r  + drug + P -io n  + PRP-1 = 0.430
200mg PRP-1
B u ffe r + drug = 0.530 B u ffe r  + drug + P -io n  = 0.527
B u ffe r  + drug + PRP-1 = 0.392 B u ffe r  + drug + P -io n  + PRP-1 = 0.355
300mg PRP-1
B u ffe r  + drug = 0.525 B u ffe r  + drug + P -io n  = 0.520
B u ffe r  + drug + PRP-1 = 0.367 B u ffe r  + drug + P -io n  + PRP-1 = 0.330

















number of carbons in the pairing-ion
Fig. 2 6 Change in kappa value with the number of carbons in 
the pairing-ions. Only bromide salts are represented.
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DETERMINATION OF THE RATE CONSTANTS FOR THE DEGRADATION OF TC AND OTC
Rate processes are o f fundam enta l im p o r ta n c e  to  everyone  connected  
w ith  the pharm aceu tica l in d u s try . The m anu factu re r must be ab le  to  
show th a t  the drug i s  s u ita b ly  fo rm u la te d  to  p reven t the degrada tion  
o f  th e  p a re n t compound i n t o  b y -p ro d u c ts .  The m edica l p r a c t i t io n e r  
must be assured th a t  the drug fo rm u la t io n  w i l l  a llo w  the a c t iv e  drug 
to  reach the  in tended  s i t e  o f a c t io n  i n  s u f f ic ie n t  c o n c e n tra tio n  to  
e l i c i t  the a n t ic ip a te d  response .
Assum ing t h a t  t e t r a c y c l in e  (TC) d e g ra d e s  o n ly  to  a n h y d ro  TC th e  
re a c t io n  equa tion  would be as fo l lo w s : -
Rf
TC HC1 “  - ATC HC1
The ra te  o f the fo rw a rd  re a c t io n  (R f) i s  g iven by Rf= -  ---------» where
d0 i s  the change in  c o n c e n tra tio n  and d^ i s  the change i n  tim e.
The nega tive  s ign  in d ic a te s  th a t  the  c o n c e n tra tio n  o f the  drug (TC) is
^c
decreasing w ith  tim e. S im i la r ly ,  Rr = -  ------  in d ic a te s  the ra te
dt
equa tion  f o r  the re ve rse  r e a c t io a  
Two s tu d ie s  were und e rtake n :-
A :-  The k i n e t i c s  o f  t e t r a c y c l i n e  and oxy  t e t r  acy  c l  in e  w e re  
in v e s tig a te d  under d i f fe r e n t  pH c o n d itio n s . Rate co ns tan ts  and H a lf 
l i f e  periods were c a lc u la te d .
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B :-  The s t a b i l i t y  o f a TC HC1 s o lu t io n  was s tu d ie d  under d i f fe r e n t  
c o n d it io n s  o f tem pera tu re , l i g h t  e tc .
INSTRUMENTATION
A: The m ob ile  phase was c o n s t itu te d  as f o l lo w s : -
1) b u f fe r  a t  pH 5.0
2) THF a t  7.1 %
3) P ropan-2-o l a t  11 $
The PRP-1 (15cm) co lu m n  was used i n  t h i s  s tu d y . The d rugs  w e re  
w e ig h e d  and  d is s o lv e d  i n  th e  m o b i le  phase  to  g iv e  a f i n a l  
c o n c e n t r a t io n  o f 0 .075m g /m l. The k in e t i c  s tu d y  was c a r r ie d  o u t on 
th e  S p e c tra  P h y s ic s  SP8100 l i q u i d  c h ro m a to g ra p h  co n n e c te d  to  an 
SP4200 in te g ra to r  and an SP8440 UV/VIS d e te c to r  o p e ra tin g  a t  272 nm, 
0.08 AUFS, The flo w  ra te  was 1m l/m in , the  in je c t io n  volum e was 10 
j i l ,  and th e  oven te m p e ra tu re  was 33°C. The pH o f th e  s o lu t io n s  was 
a d ju s te d  us ing  HC1 o r NaOft The fo l lo w in g  pH va lu e s  were chosen:- 
TC HC1 pH 1.1 , 2 .0 , 3 .4 , 5 .0 , 7 .0 , 8 .8 , 11 .6 .
OTC HC1 pH 1.2, 2 .0 , 3 .0 , 5 .0 , 6 .9 , 8 .8 , 10.0 .
The p re p a re d  s o lu t io n s  w e re  p la c e d  i n  th e  a u to s a m p le r . Two 
in je c t io n s  a t  each pH v a lu e  w e re  ta k e n  on day one. S am ples w e re  
s u b s e q u e n tly  i n j  e c te d  on to  th e  c o u l mn a t  r e g u la r  i n t e r v a l  s o v e r a
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te n  day p e r io d . E i th e r  peak a re a s  o r  peak h e ig h ts  w e re  used to  
c a lc u la te  the ra te  cons tan ts  and H a lf  l i f e  periods.
B : -  The same m o b ile  phase was used. The TC HC1 s o lu t io n s  (0.075 
mg/m l) were s to red  under the  fo l lo w in g  c o n d it io n s .
Room tem pera tu re  l i g h t  and dark, heated ovens a t  60°c and 100°C and 
a t  a tem pera ture  o f  4°C.
I n j  e c t io n s  w e re  ta k e n  a t  day one and a t  r e g u la r  in t e r v a l  s w i t h i n  a 
tw e lve  day period. O nly q u a l i t a t iv e  e xa m in a tio n  o f the  r e s u lt s  was 
c a r r ie d  out.
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KINETICS OF TETRACYCLINE AND ITS DEGRADATION PRODUCTS 
RESULTS AND DISCUSSION
The te t r a c y c l in e  samples w ere analysed a t  a range o f pH va lues . The 
deg rada tion  o f TC HC1 in to  anhydro TC was most pronounced a t  pH 1.1, 
w h i le  th e  e p im e r is a t io n  to  4 - e p i TC HC1 to o k  p la c e  r e a d i l l y  a t  pH
3.3. T h e re fo re  the  d e g ra d a t io n  o f TC HC1 and a n h y d ro  TC HC1 i s  
in v e s t ig a t e d  a t  pH 1 .1 , pH 3*3 i s  c h o s e n  f o r  th e  s tu d y  o f 
e p im e ris a tio n . T h e re s u lts  o b ta in e d  f o r  TC HC1 are  l i s t e d  in  Table 43 •
Day t r (m in ) AREA OONG. (M) lo g (a -x ) 1 /(a -x )
1 2.28 193565 0.000156 ----- -----
2 2.37 179378 0.000145 -3 .8 3 9 6896.6
3 2.36 170237 0.000137 -3 .8 63 7299.3
4 2.31 156 269 0.000126 -3 .899 7936.5
6 2.36 142405 0.000115 -3 .939 8695.7
8 2.39 126087 0.000102 -3.991 9803.9
9 2 .42 1197 37 0.000097 -4 .016 10362.7
10 2.40 109742 0.000089 -4 .0 53 11299.4
Table 4 3 .R e su lts  from  k in e t ic  study o f TC HCL a t pH 1.1
a= i n i t i a l  c o n c e n tra tio n , x= change in  c o n c e n tra tio n
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In order to determine whether the degrartion was zero order or first 
order eta concentration, log(a-x) and 1/(a-x) were plotted vs. time 
(day). A linear rel ationship w as achiev ed by pi otti ng 1 og(a-x) vs. 
time (Fig. 27 ). Therefore the degradation of TC HC1 follows a first 
order reaction rata The slope was calculated to be :- 
Slope = K = -0.0259
The negative sign denotes that the concentration is decreasing with
tima The half life, i.a the period of time required for a drug to
decompose to one half of the original concentration, was calculated 
as fallows:-
T1/2 = 0.693/K
0.693/0.0259 = 26.76 days.
/
Single regressionwas carried out on the results in Table The
standard deviation of coefficent was low (2.49 * 10“ )^, the
correlation coefficient was very high (99.6$) and the F-ratio was 
also very high (747.99). The F-ratio means that the model of the
reaction, i.e. first order, is valid.
The formation of anhydro TC was al so studied at the same pH (1.1) 
Only peak heights were used. The data is presented in Table 44 .















DAY PEAK HT. (mm) lo g (a -x ) 1 /(a -x
1 2.0 ------ ------
2 4.0 0.60206 0.2500
3 5.5 0.74040 0.1818
6 13.0 1 .11400 0.0769
8 16 1.20400 0.0625
9 17.5 1 .24300 0.0572
10 19.5 1.29000 0.0513
Table 4 4 Kinetic data for Anhydro TC at pH
Concentration (Peak ht.), lg(a-x) and 1/(a-x) were plotted vs. day, 
but only in the first case was there a linear relatioship i.e. 
concentration vs. time (Fig^8 ). Therefore, the order of the 
formation of anhydro TC HC1 is zero order. Although it seems odd 
that a drug which degrades in a First order manner should produce a 
product which increases in concentration at a zero order rate, this 
may be explained as follows:-
The model of the reaction may be as follows:-
Ki  K2
At pH 1.1 TC  » ATC --- ►  X
The main drug is degrading with a rate constant K^ , but it may also 
be true that ATC is degrading further into X with a rate constant K2. 
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Day -----►
Fig 28 Plot of concentration (peak height in mm) vs day 
for the formation of anhydrotetracyc1ine HC1 at pH 1.1
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assumed th a t  > k 2. Hence, as th e  drug d e g ra d a tio n  r e s u l t s  i n  an 
in c re a se  i n  the pool c o n c e n tra tio n  o f anhydro TC, a f ix e d  p ro p o rt io n  
may be co n tin u o u s ly  removed. T h is  r e s u l t s  i n  a l in e a r  response fo r  
c o n c e n tra tio n  vs. tim e. Furtherm ore , the study was c a r r ie d  o u t over 
a te n  day p e r io d  ( H a l f  l i f e  o f TC = 26 d a y s ) ,  hence o n ly  a s m a ll 
p e rce n ta g e  o f the  d rug  has been degraded. T h is  w o u ld  a ls o  e x p la in  
th e  non-appearence o f o th e r products. Even though a l in e a r  response 
i s  observed f o r  anhydro TC i n  the ten  day pe riod , i f  the tim e of the 
experim ent was to  be in c re a se d  to  2-3 h a l f  l i f e  periods th e  l in e a r  
response may change.
There fo re  i t  may be concluded t h a t : -
1) TC degrades w ith  a F i r s t  o rder re a c t io n  ra te .
2) AnhydroTC seems to  degrade a t  ze ro  o rder ra te , but a lo n g e r tim e  of 
study (2-3 T1/2^ i s  re q u ire d .
3) Rate constant fo r  the  d eg ra da tion  o f TC = -0.0259
4) Rate cons tan t fo r  the  fo rm a t io n  o f anhydro TC = 1.966
5) T i / 2  f o r  TC = 26.76 days
I t  had n o t been p o s s ib le  to  r e s o lv e  TC and 4 - e p i  TC e m p lo y in g  th e  
m o b ile  phase system  used up t i l l  now. The 4 - e p i TC peak may be 
d e te c te d  as a " s h o u ld e r "  i n  th e  a s c e n d in g  p a r t  o f  th e  TC peak. But
DERATION/OF TC HCL INTO 4-EP I TC HCL
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i n  o rd e r  to  s tu d y  th e  k in e t i c s  o f  th e  fo r m a t io n  o f  th e  4 - e p i 
d e r iv a t iv e ,  i t  was nece ssa ry  to  r e s o lv e  th e  two peaks. T h is  was 
a c h ie v e d  by re d u c in g  th e  m o b ile  phase s t re n g th  to  25$ and a l t e r i n g  
the flo w  ra te  to  0.5 m l/m in .
The m ob ile  phase was c o n s t itu te d  as fo llo w s :
s o lu t io n  A: 40 ml ; s o lu t io n  B: 110 ml
made up to  200 ml w ith  double d i s t i l l e d  d e io n ise d  w a te r.
THF = 1 .775 % ; pro pan-2 - o l = 2.75 %
The pH o f th e  b u f fe r  p r io r  to  th e  a d d i t io n  o f  o rg a n ic  m o d i f ie r  was
3 .3 . The o the r expe rim en ta l c o n d it io n s  were as be fo re .
The chromatogram o f the re s o lu t io n  between TC and 4 -e p i TC i s  shown
in  F ig . 2 9 f and the peak area r e s u l t s  a re  l i s t e d  i n  Table 4 5 .
T ab le4 5 Peak area re s u lts  f o r  the k in e t ic  s tudy o f TC a t  pH 3.3
Hours TC a rea lg .  area ep i-TC  a rea lg .  ep i-T C  a rea
0 44.7948 1.65 0.7911 -0 .1 0
19 40.8601 1.61 1.4142 0.151
44 37.3875 1.57 2.52 0.402
70 33.2748 1.52 3.54 0.549
141 25.152 1.40 10.1052 1.00
146 30.7008 1.49 13.09 1.117
192 19.953 1.30 27.54 1.44
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Fig 29Resolution of TC HC1 and 4-epi TC HC1 using the modified mobile phase 
system, as outlined in the text.
A linear relationship was observed between log.(a-x) and time (see 
Fig 30 ). Therefore the formation of 4-epi TC HC1 is also a first 
order reaction
KINETICS OF OXTTETRACYCLINE HCL (OTC HCL)
The samples of OTC HC1 (at various pH values) were injected at 
regular intervals. From the analysis of chromatograms, the 
degradation of OTC HC1 was pronounced at pH 5.0. the results are 
listed in Table 46 .
The order of reaction was determined by plotting area, log(a-x) and 
1/(a-x) vs. time. A linear relatioship was observed between lg(a-x) 
and time (Fig, 31 ). Therefore, the degradation of OTC is also first 
order.
DAT ABE A lo g (a -x ) 1 /(a -x )
1 134605 5.129 7.43 * 10“6
2 126427 5.102 7.91 * 10“6
3 1 17333 5.069 8.52 « 10“6
4 99806 4.999 1.00 * 10“5
6 87498 4.942 1.14 * 10“5
8 73796 4.868 1.36 * 10"5
9 69001 4.839 1.45 * 10-5
10 63125 4.800 1.59 * 10"5
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Fig. 31 Plot of log(a-x) vs Day for Oxytetracycline HC1 at pH 5.0
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The slope was c a lc u la te d  to  be -0.0093 
T1 /2= 0.693/k = 74.52
There was no o th e r  peak to  show th e  presence o f anh yd ro  OTC 
Th is  is  because anhydro OTC i s  ve ry  unstab le  and beg ins to  decompose 
as soon as i t  i s  fo rm e d . The epi-O TC peak was a b se n t a t  pH 1.2 or 
2.0 bu t p re s e n t a t  3.0 and 5 .0 , in d ic a te d  as a s h o u ld e r  on the  OTC 
peak.
B :-
STAB1LITY OF TC UNDER VARIOUS PHYSICAL CONDITIONS
A q u a l i t a t i v e  s tu d y  was a ls o  c a r r ie d  o u t  on a s o lu t io n  o f  TC HC1 
s to re d  unde r v a r io u s  p h y s ic a l c o n d it io n s  o f  te m p e ra tu re  and l i g h t  
e tc. The study was c a r r ie d  o u t over an e igh teen day period .
ROOM TEMPERATURE SOLUTIONS KEPT IN LIGHT AND DARK
The s o lu tio n s  behaved f a i r l y  s im i la r ly  under both the c o n d it io n s . As 
e a r ly  as day fo u r, tra c e s  o f  ATC were observed i n  th e  s o lu t io n  
k e p t i n  l i g h t .  S to ra g e  i n  the  d a rk  d id  n o t seem to  s low  the  
deg rada tion  to  any a p p re c ia b le  e x ten t .
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Temperature 4°C
The s o lu t io n  was s to re d  i n  a r e f r ig e r a t o r  (3 -4 °C ) and rem oved ju s t  
p r io r  t o  in je c t io n .  A v e ry  s m a ll peak c o r re s p o n d in g  to  ATC was 
o b se rve d  on day e le ve n . The e p i- is o m e r  was a p p a re n t as a s m a ll 
s h o u ld e r  i n  th e  m ain  peak as e a r ly  as day 5. No o th e r  im p u r i t i e s  
were observed.
HEAT AT 60°C AND 100°C
The te tra c y c l in e  s o lu t io n  showed ve ry  ra p id  deg rada tion  a t  these 
te m p e ra tu r e s .  I t  w as n o t  p o s s ib le  t o  i d e n t i f y  a ny  o f  th e  




TC and OTC (a n a ly s e d  a t  pH 1.1 and 5.0 r e s p e c t iv e ly )  b o th  degrade by 
F i r s t  o rd e r . Anhydro TC (a t  pH 1.1) seems to  f o l lo w  a z e ro  o rd e r  
r e a c t io n  bu t a lo n g e r  s tu d y  i s  recommended. 4 -e p i-T C  ( a t  pH 3*3) 
a lso  fo l lo w s  a f i r s t  o rder re a c t io n .
B : -
The te t r a c y c l in e  s o lu t io n  seems to  be ve ry  u n s ta b le  to  l i g h t  and 
te m p e ra tu re  (as  lo w  as 4°C ). The s to ra g e  te m p e ra tu re  sh o u ld  b e l~ 2 ° c .  
H eating  a t  excess ive  tem p era tu res  r e s u lts  i n  b la ck  p re c ip ita te s .
Section 4
1) Semi-preprative HPLC
2) Comparison of PRP-1 and PLRP-S columns
3) Determination of the purity of tetracyclines using 
PRP-1 column with solvent system 5
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SEMI-PREPRAT 17E HFLC
The p u r i t y  o f a sam ple  o f 0  -apo  OTC, p re p a re d  i n  th e  la b o r a to r y  
(page 3 9 ), was exam ined by HPLC. Peak A ( F ig . 3 2 can be i d e n t i f i e d  
as OTC, and peak B was c o n s id e re d  to  be 0  -apo  OTC. S ince  th e  tw o  
peaks were w e ll  re so lve d , i t  p rov ided  a u se fu l o p p e r tu n ity  to  use the 
PLRP-S 25cm column to  is o la te  peak B and to  id e n t i f y  the  drug.
S ince , the  o r ig in a l  b u f fe r  used i n  the  a n a ly t ic a l  c o n d it io n s  w as 
complex, which m ig h t cause problem s d u rin g  e x tra c t io n ,  i t  was decided 
to  employ phosphate b u f fe r  because i t  would not show up in  a ^ C  NMR 
spectrum.
The m ob ile  phase co n s is te d  o f : -
The phosphate  b u f f e r  (0 .07  M) a t  pH 5.0
T e trahyd ro f uran 7.1 %
Pro pan-2 - o l 11 %
The crude 0  -apo OTC was weighed and d isso lve d  i n  th e  m o b ile  phase. 
U n fo rtu n a te ly , i t s  s o lu b i l i t y  was poor and the s o l id  g ra d u a lly  came 
ou t o f  s o lu t io n .  T h e re fo re  i t  was n o t p o s s ib le  to  a c c u r a te ly  
measure the percentage recove ry  ra te . Peak B was c o lle c te d  over a 
two day period . The s o lu t io n , c o n ta in in g  peak B, was evapora ted  to  
dryness, and the s o l id  was re f lu x e d  w ith  h o t e thano l f o r  30 m inutes. 
The m ix tu re  was f i l t e r e d ,  and e th a n o lic -H C l added to  th e  f i l t r a t e  
u n t i l  the pH reached 1.0. The s o lu t io n  was concen tra ted  and a llo w e d
Peak APeak B
(1) (2 )
 .   . . 1  1 1 1----------------->—  »
40 30 20 10 40 30 20 10
time (min) time (min)
Fig. 32. Chromatograms of crude /?-apo OTC (1) and the purified 
fraction (2). column PLRP-S 25 cm, 5ml/min, 272 nm, phosphate buffer 
at pH 5.0, 5mm/min, water bath at 50°C, THF 7.1 %, propan-2-0l 11 % 
(approximate concentrations. (1) 3.7 mg/5ml , (2) 0.5mg/500 p,l)
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A J-->c N MR spectrum was carried out on the purified sample, and the 
chemical shifts corresponded very well with the suggested structure. 
The assignments have already been discussed on page 18 5.
COMPARISON OF PRP-1 AND PLRP-S MATERIALS 29 2
E x c e lle n t r e s o lu t io n  and peak symmetry va lu e s  were ach ieved w ith  the 
PRP-1 packing  m a te r ia l fo r  a number o f te t r a q y c l in e a  U n fo rtu n a te ly , 
TC and OTC e lu te d  s im u ltan eous ly  im m e d ia te ly  a f te r  the s o lv e n t f r o n t .  
The pH p r o f i l e  s tu d y  f a i l e d  to  p roduce any s ig n i f i c a n t  r e s o lu t io n  
changes between the two drugs.
The po lym e r PLRP-S sh a re s  m ost o f  th e  p h y s ic a l p r o p e r t ie s  o f  PRP-1 
e x c e p t t h a t  th e  average p a r t i c le  s iz e  i s  8 urn r a th e r  th a n  10 urn. 
Reduction in  p a r t ic le  s iz e  a lw ays im proves column e ffe c ie n c y  because 
i t  i s  a m a jo r fa c to r  i n  the te rm s th a t c o n tr ib u te  to  H.E.T.P. (h e ig h t 
e q u iv a le n t  to  a t h e o r a t ic a l  p la te ) ,  w h ich  d e te rm in e s  peak w id th .  
Some im provem ent i n  the  re s o lu t io n  between OTC and TC cou ld  th e re fo re  
be expected. The optimum m ob ile  phase had to  be m o d if ie d  f o r  b e tte r
r e s o lu t io n .  The back p re s s u re  w i t h  the  PLRP-S co lum n  was o f th e  
o rd e r 200 p s i.  T h is  caused a base l i n e  f l u c t u a t io n  a t  0.8 AUFS, 
w h ich  was overcome by connecting  the PRP-1 column in  s e rie s .
The c h r o m a to g r a p h ic  r e s u l t s  a r e  l i s t e d  i n  T a b l e  47 and th e  
chromatograms are shown in  F ig . 3 3 .
PRP-1P L R P -S
2
Fig. 3 3 The chromatographic resolution of tetracyclines on two different 







Table 47 Chrom atographic r e s u lt s  o b ta in e d  u s in g  tw o  d i f f e r e n t  makes 
of po lym eric  columns (PRP-1 and FLRP-S)
Kappa Na of p la te s T o ta l tim e






6 min 6.5-7 min
DMCTC 2.92 1.96 670.4 1024.7
METHA 4.43 2.87 653.1 1218.9
MINOCIN 6.57 4.10 432.3 758.4
DMCTC = demethyl CTC; METHA = m e th a c y d in e ; MINOCIN = m in o c y c lin e  
CONCLUSIONS
Improved re s o lu t io n  between OTC and TC was ach ieved w ith  the FLRP-S 
p a c k in g  m a te r ia l ,  b u t th e  two peaks w e re  le s s  th a n  50$ re s o lv e d .  
P la te  coun t was im p ro v e d  w h i le  th e  t o t a l  c h ro m a to g ra p h ic  t im e  
rem ained f a i r l y  constant. I t  i s  p o s s ib le  th a t  r e s o lu t io n  could be 
im p ro v e d  f u r t h e r  by w e aken ing  th e  m o b ile  phase to  in c re a s e  th e  
r e te n t io n  o f OTC and TC, to  in c re a s e  the  d is ta n c e  be tw een  th e  tw o  
peaks.
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DETERMINATION OF THE HJROT OF TETRACYCLINES USING FRF-1 COLUMN WITH 
SOLVHIT SYSTEM 5
I t  was decided to  run  v a r io u s  te t r a c y c l in e s  on th e  PRP-1 colum n w ith  
the  s o lv e n t  sys tem  5 to  check the  p u r i t y  o f the  d ru g  sam ples. TC, 
OTC, 6 -d e m e th y l CTC (DMCTC), m e th a c y c lin e  (METHA) and m in o c y c l in e  
(MINOCIN) have a lready been ana lysed.
As d e s c r ib e d  e a r l i e r ,  TC and 4 - e p i TC w e re  o n ly  re s o lv e d  a f t e r  th e  
s tre n g th  o f the o rg a n ic  m o d if ie r in  the  m ob ile  phase was reduced to  
25$. The t e t r a c y c l in e  sam ple showed a m in o r  4 - e p i TC peak. No 
anhyro  TC peak was v i s i b l e .  The a n h yd ro  TC sam ple d is p la y e d  one 
m a jo r peak and a peak o f  lo w  in t e n s i t y ,  th e  l a t t e r  s ig n a l b e in g  due 
to  the parent compound (TC HC1).
O x y te t r a c y c l in e ,  m e th a c y c lin e  and m in o c y c lin e  d is p la ye d  one m ajor 
peak as d id  d o x y c y d in e  and ly m e c y c l in e .  6 - e p i d o x y c y c l in e  sam ple 
d is p la y e d  a lo w  in t e n s i t y  peak (F ig .  34 ) n e a r th e  p o s i t io n  o f  th e  
parent compound ( doxy cy d in e ) .
Chi or te t r a c y  c l  in e  sam ple (b o th  h y d r o c h lo r id e  and th e  base) seemed 
im p u re  (F ig .  34). The im p u r i t ie s  c o n s t i t u t e d  a b road  band w h ic h  
formed theascending p a r t  o f the  m ain peak.
Fig.3 4 Chromatograms of various tetracyclines and 
their degradation products to assess their purity. 
Experimental conditions as with solvent system 5 










I n  o rd e r  to  in c re a s e  th e  number 01 p la t e s  a v a i l a b l e  f o r  r e s o lu t i o n ,  
two PRP-1 co lum ns were connected  i n  s e r ie s .  The c o n n e c t io n  was made 
w i t h  a m i c r o p o r e  s t a i n l e s s  s t e e l  tu b e  o f  s h o r t e s t  po s s i  b l  e 1 e n g th .  
B o th  o f  the co lum ns were k e p t  i n  the  w a te r  ba th  a t  42° C. The m o b i le  
phase was f o r m u la te d  as  f o l l o w s : -
20 ml s o l u t i o n  A (page  2 33 ) a n d  28 ml o f  s o l u t i o n  B (p a g e  2 3 3)
w e r e  m ix e d  t o g e t h e r  and  made up t o  100 ml u s i n g  d o u b le  d i s t i l l e d  
d e io n is e d  w a te r .  The pH o f  the  m o b i le  phase p r i o r  to  th e  a d d i t i o n  o f  
the  o r g a n i c  m o d i f i e r s  w a s  5 .7 . The f o l l o w i n g  p r o p o r t i o n s  o f  th e  
o r g a n ic  s o lv e n t s  w ere  added t o  th e  m o b i le  phase: 
t e t r a h y d r o f u r a n  = 9 %
p ro p a n -2-01 = 17 >
The f l o w  r a t e  w as  1.1 m l / m i n ,  c h a r t  sp e e d  10 m m /m in  an d  t h e  
absorbance  was re c o rd e d  a t  272 nra.
A t e t r a c y c l i n e  sample, p repa red  few  days p r e v io u s l y ,  was i n j e c t e d  on 
t o  th e  c o lu m n  (s e e  F ig .  3 5 ). W i t h  th e  h e l p  o f  s t a n d a r d s ,  i t  w as
p o s s i b l e  t o  i d e n t i f y  TC and e p i  TC, i s o  TC, a n h y d r o  TC and  e p i  









Fig. 35 Chromatogram of a tetracycline HC1 sample using 
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